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ABSTRACT 
Sedimentology and Community Structure of Reefs 
of the Yucatan Peninsula, Mexico 
by 
Matthew J. Novak, Master of Science 
Utah State University, 1992 
Major Professor: Dr. W. David Liddell 
Department: Geology 
xiii 
Holocene carbonate sediments from Mexican reefs in the Caribbean and 
Gulf of Mexico display variations in constituent composition, texture and 
mineralogy which are related to their locations on the reefs. Samples were 
collected at barrier reef environments at Akumal and Chemuyil, on the northeast 
coast of the Yucatan Peninsula; at the oceanic atoll of Chinchorro, off the 
southeast coast of the peninsula; and at the shelf atoll of Alacranes, in the Gulf 
of Mexico. Samples were collected through a depth range of 0-40 m, which 
encompasses back reef, shallow fore reef, and deeper fore reef environments. 
Constituent-particle analysis of reef sediments indicates that lagoon facies 
are dominated by Halimeda with lesser amounts of coral and coralline algae. 
In contrast, fore reef facies are dominated by coral, with lesser amounts of 
Halimeda and coralline algae. 
xiv 
Greater than 90% of the sediments (dry weight) occur in the interval 
0.125-2.00 mm, with mean grain sizes (Mz) approaching 0.5 mm at most sites. 
Mz generally decreases with increasing depth at three of the four sites. Reef 
sediments are moderately to poorly sorted and typically become more poorly 
sorted with increasing depth. Sediments collected from reef channels (grooves) 
are consistently better sorted than those from the reef interstices (spurs). 
Mineralogically, the sediment is predominantly aragonite (63-93%) and 
high-Mg calcite (3-33%), with minor amounts of low-Mg calcite (3-9%). The 
sediment is chiefly composed of these three polymorphs of CaC03 (96.32-
99.83%) with only a small percentage of insoluble (non-carbonate) material. The 
non-carbonate fraction of the sediment is dominated by organics (0.14-3.16%) 
with lesser amounts of clay minerals and amorphous silica (0.00-0.66%). 
Quantitative analysis of Mexican reef sediments in the Caribbean and 
Gulf of Mexico allows the delineation of reef zonations based on constituent­
particle composition. Q-mode cluster analysis of constituent-particle data from 
epireefal sediments enables the separation of lagoon, shallow fore reef (<10-15 
m), and deep reef (> 10-15 m) lithofacies. These groupings were maintained 
even when constituent-particle data from the barrier reefs were combined, and 
also when data from the atoll reefs were combined. Similar cluster groupings 
were obtained when constituent-particle data from a Jamaican fringing reef were 
combined with data from the Mexican barrier reefs. This indicates that coastal 
reef sediments from Jamaica and Mexico are surprisingly similar in constituent­
particle composition and facies zonations. However, cluster analysis failed to 
xv 
produce clear associations when constituent-particle data from barrier reefs and 
atoll reefs were combined. The sedimentological zonations observed in the 
study reflect the community composition of the living reefs, and indicate that 
community composition, at least for calcifying organisms, is potentially 
preservable. 
(111 pages) 
CHAPTER 1 
INTRODUCTION 
Modern studies of Holocene sedimentation have done much to increase 
our knowledge of carbonate depositional environments (Thorp 1934; llling 1954; 
Ginsburg 1956; Purdy 1963a,b; Folk and Robles 1964; Wantland and Pusey 
1975; Scoffin et al. 1980; Scoffin and Tudhope 1985). In addition, studies of 
coral-reef biotas (Goreau 1959; Emery 1962; Logan 1969; Goreau and Goreau 
1973; Jordan 1979a,b, 1989; Jordan et al. 1981; Chavez et al. 1985; Liddell and 
Ohlhorst 1987) have broadened our understanding of coral-reef ecology and 
morphology . Most previous studies of reef sedimentation and biota were 
qualitative rather than quantitative in nature, and few studies have addressed the 
relationship between carbonate-sediment composition and the organisms 
responsible for sediment production. This is a seemingly obvious comparison, 
but one which has only rarely been made by previous workers (e.g., Ginsburg 
1956, Boss and Liddell 1987; Liddell et al. 1987). 
The present study integrates sedimentological characteristics with the 
distribution of biotic communities through a broad range of environments (back 
reef, and shallow and deep fore reef) in an attempt to define more concisely the 
role organisms play in the development of sedimentary facies. The study will 
also attempt to assess whether the different reef communities are potentially 
preservable in the sedimentary record. 
Field work for the present study was conducted at two oceanic atoll reef 
2 
sites; one in the Gulf of Mexico, the other off the southeast coast of the Yucatan 
Peninsula. Two barrier reef sites were studied along the Caribbean coast of the 
Yucatan Peninsula . The study compares Mexican barrier reef and Yucatan atoll 
reef environments . In addition, data from this study are compared with results 
obtained from studies at Discovery Bay, Jamaica (Boss and Liddell 1987; Liddell 
et al. 1987). 
CHAPTER II 
PATTERNS OF CONSTITUENT COMPOSITION, TEXTURE, 
AND MINERALOGY OF CARIBBEAN BARRIER REEFS 
3 
ABSTRACT. Holocene carbonate sediments from Mexican barrier reefs display 
variation in constituent composition, texture and mineralogy which is related to 
their location on the reefs. Samples were collected at barrier reef environments 
at Akumal and Chemuyil , on the northeast coast of the Yucatan Peninsula. 
Samples were collected through a depth range of 0.5-40 m, which encompassed 
back reef, shallow fore reef and deeper fore reef environments. 
Lagoon facies are dominated by Halimeda with lesser amounts of coral 
and coralline algae. In contrast, fore reef facies are dominated by coral, with 
lesser amounts of Halimeda and coralline algae. Q-mode cluster analysis of 
constituent data delineates lagoon (back reef), shallow reef (<10-15 m), and 
deep reef (> 10-15 m) lithofacies. 
Greater than 90% of the sediment (dry weight) occurs in the interval 
0.125-2.00 mm, with mean grain size (Mz) approaching 0.5 mm at most sites. 
Mz was found to decrease with increasing depth at both sites with low 
correlation. Reef sediments are moderately to poorly sorted and typically 
become more poorly sorted with increasing depth. Sediments collected from 
reef channels (grooves) are consistently better sorted than those from the reef 
interstices (spurs). 
Mineralogically (by weight %), the sediment is predominantly aragonite 
4 
(72-93%) and high-Mg calcite (3-24%), with minor amounts of low-Mg calcite (3-
9%). The sediment is chiefly composed of the three polymorphs of CaC0 3 
(98.80-99.75%) with only a small percentage of insoluble (non-carbonate) 
material. The non-carbonate fraction of the sediment is dominated by organics 
(0.25-0.91 %) with lesser amounts of inorganic materials (0.00-0.44%). 
Quantitative analysis of Mexican barrier reef sediments shows that 
strikingly similar depth-related zonations are present at the two sites. These 
sedimentological zonations reflect the community composition of the living reefs, 
and are maintained even when data from the two study sites are combined. 
Similar depth zonations were also observed when data from Jamaican fringing 
reefs were combined with the Mexican data. 
INTRODUCTION 
Numerous studies of Holocene sedimentation in the Caribbean have 
increased our knowledge of carbonate depositional environments (Ginsburg 
1956; Purdy 1963a,b; Folk and Robles 1964; Wantland and Pusey 1975). In 
addition, studies of Caribbean coral reef biotas (Gareau 1959; Emery 1962; 
Logan 1969; Gareau and Gareau 1973; Jordan 1979a,b, 1989; Jordan et al. 
1981; Chavez et al. 1985; Liddell and Ohlhorst 1987) have increased our 
understanding of reef ecology and morphology. Most previous studies of reef 
sedimentation were qualitative rather than quantitative in nature, and few studies 
have addressed the relationship between carbonate sediment composition and 
the organisms responsible for sediment production. This is a seemingly obvious 
5 
comparison, but one which only rarely has been made by previous workers (e.g., 
Ginsburg 1956, Boss and Liddell 1987; Liddell et al. 1987). 
The present study integrates sedimentological characteristics with the 
distribution of biotic communities through a broad range of environments (back 
reef, and shallow and deep fore reef) in an attempt to more concisely define the 
role organisms play in the development of sedimentary facies. 
Field work for the present study was conducted at two barrier reefs along 
the Caribbean coast of the Yucatan Peninsula. Data from this study are 
compared with results from studies at Discovery Bay, Jamaica (Boss and Liddell 
1987; Liddell et al. 1987). In addition, ttiis study compares Mexican barrier reef 
environments and those of Yucatan atolls. 
Previous Work 
The Caribbean coast of the Yucatan Peninsula (Fig. 1) is a remote area 
which has received significant study only since the 1960s. Studies of recent 
(Holocene) carbonate sedimentation along the Caribbean coast of the Yucatan 
Peninsula have been restricted primarily to Isla Mujeras (Folk 1967a) and 
Cozumel (Spaw 1978). The only other area in the vicinity of the Yucatan 
Peninsula which has received significant study of Holocene sediments is Belize 
(formerly British Honduras). Wantland and Pusey (1975) provided detailed 
information about sedimentation, as well as reef structure, morphology, and 
ecology along the coast of Belize. More recently, Macintyre et al. (1986) 
conducted a detailed sedimentological and biological survey of the Tobacco reef 
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Fig. 1. Locations of barrier reef study sites in northeast Quintana Roa, Mexico, 
with the locations of reef transects. 
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sediment apron on the central Belize coast. 
Studies of reef biota and reef structure have been conducted at various 
locations on the Caribbean Coast in northeastern Quintana Rao (Ekdale 1974; 
Jordan and Nugent 1978; Jordan 1979a,b, Jordan 1989; Jordan et al. 1981; 
Fenner 1988), the Banco Chinchorro (Chavez and Hidalgo 1984), and Belize 
(Wantland and Pusey 1975; Rutzler and Macintyre 1982). 
Location of Study 
Field work for this study was conducted along the Caribbean coast of the 
Yucatan Peninsula (Fig. 1 ). The study utilizes samples collected at two sites in 
the Mexican state of Quintana Rao. The samples were collected along the 
barrier reef environments near Akumal and Chemuyil (approximately 20° 38' 
North Latitude, 87° 21' West Longitude), on the northeast coast of Quintana Rao 
(Fig. 1 ). The samples were collected in 1988 by Dr. W. David Liddell as part of 
a joint Utah State University/CINVESTAV study . Laboratory analysis of 
sediment samples was conducted at Utah State University. 
METHODS 
Sampling 
Sediment sampling. Grab samples of Holocene sediment were collected 
via SCUBA. Approximately 200 gm of sediment were collected for each sample. 
Sampling was conducted along transects oriented perpendicular to the reef 
crest, through a bathymetric range of 0.5-40 m, at depth intervals of 
8 
approximately 5 m. No samples were collected at depths of 15 m at Akumal, 
nor at 20 mat Chemuyil, due to time and logistical constraints. The transects 
were designed to incorporate all accessible environments present in each study 
area (lagoon/back reef, reef crest, fore reef, shelf). At least two sediment 
samples were taken at each depth (Fig. 2). Samples were taken from both sand 
channels and reef lobes when sufficient sediment was available from both 
environments. Forty-six samples were collected from the two barrier reef study 
locations. 
Following collection, samples were air-dried and placed in plastic bags for 
shipment to Utah State University. Upon arrival at Utah State University, the 
samples were washed in distilled water. The sediments were then allowed to 
settle for approximately twelve hours, so that fine-grained constituents would not 
be lost. The supernatant fluid was siphoned off and passed through a Buchner 
funnel and No. 1 Whatman paper filter. Filtering and weighing the supernatant 
insured that no portion of the bulk sample was lost during processing. Each 
sample was washed three times by this method . Following the washing 
process, the sediments were air-dried until only a small amount of water 
remained in the sediment. The samples then were dried to constant weight in 
an oven at 105° C. The filter paper also was dried and weighed to determine 
what portion of the fine-grained constituents was removed with the supernatant. 
Only a small portion of each bulk sample was lost during the washing procedure 
(< 0.1 gm per 200-gram sample). 
After washing, the samples were separated into four equal parts by a 
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Fig. 2. Diagrammatic cross-section of bottom profile at sampling site locations: 
A -Akumal,Mexico; B - Chemuyil, Mexico. Sampling locations and depths 
indicated at top. Back reef sampling localities not indicated on profile. BR = 
back reef; CR = reef crest 
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mechanical riffle splitter. Each split of the sample was used to determine a 
specific characteristic of the sediment. One split was used for point-counting to 
determine the allochem composition of the sediment. The remaining splits were 
used for X-ray diffraction, grain size, and insoluble residue analysis. 
Community Sampling. Community composition was evaluated by census 
sampling via underwater photography at the same sites as sediment samples. 
The Planar Point Intercept method (Lucas and Seber 1977; Eberhardt 1978) was 
employed by randomly placing a ten meter long tape, marked at 20 cm 
increments, parallel to the reef crest near each sample site. The area beneath 
each 20 cm increment point was photographed with color transparencies . Each 
photograph covers an area of approximately 0.25 m2 • The actual number of 
points photographed at each depth depended principally on physiological 
constraints on usable bottom time with SCUBA. Approximately 72 exposures 
were taken at each depth interval. 
Analytical Procedures 
Processing of Community Data. Photo-census data were processed by 
projecting transparencies at natural size onto a grid with twenty-five equally 
spaced fixed points. Then the identity of each organism at each grid point was 
recorded (Planar Point Intercept method) and used to determine percent 
community composition. Data from photo-transects (Tables 1-2) were used to 
determine reef community compositions and structures by methods described 
by Liddell and Ohlhorst (1987, 1988, 1991 ), Ohlhorst and Liddell (1988), and 
Ohlhorst et al. (1988). Data on reef community composition were analyzed by 
TABLE 1. Community composition(%) from 0.5-40 m for the barrier 
reef at Akumal, Mexico, as determined by analysis of photographs 
of line transects. 
m 
Bottom Type 
Scleractinian Corals 14.3 19.0 20.6 27 .6 40.4 
Soft Corals 0.1 5.8 6.9 8.8 10.8 
Hydro ids 0.0 1.3 0.8 0.1 0.0 
Anemones 0.0 0.2 0.6 0.6 0.3 
Fleshy Sponges 0.0 0.0 0.1 0.7 1.1 
Boring Sponges 0.0 0.0 0.0 0.4 0.0 
Macro Algae 0.4 3.7 10.2 10.0 25.9 
Filamentous Algae 18.5 18.5 8.1 9.4 7.2 
Halimeda 0.6 3.7 4.9 4.2 1.9 
Coralline Algae 0.4 0.4 0.6 0.4 0.4 
Rock & Rubble 65.7 36.8 24.6 37.7 11.9 
Loose Sediment 0.0 10.6 22.5 0.0 0.1 
TABLE 2. Community composition (%) from 0.5-35 m for the barrier 
reef at Chemuyil, Mexico, as determined by analysis of photographs 
of line transects 
Location 
D h m 
Bottom Type 
Scleractinian Corals 38.8 16.8 6.5 24.5 18.9 37.4 
Soft Corals 0.0 7.1 9.2 7.5 11.7 6.7 
Hydro ids 2.5 3.4 0.0 1.5 0.8 0.5 
Anemones 0.0 0.7 0.2 0.0 0.0 2.5 
Fleshy Sponges 0.0 1.5 0.8 0.9 1.7 4.1 
Boring Sponges 0.0 0.0 0.0 1.1 0.4 0.2 
Macro Algae 0.8 6.8 0.2 1.7 3.0 8.0 
Filamentous Algae 8.3 13.1 3.1 5.4 6.5 16.7 
Halimeda 0.5 3.7 4.6 13.8 11.1 3.9 
Coralline Algae 4.6 0.0 2.9 5.1 0.0 0.5 
Rock & Rubble 17.4 45.8 6.4 30.0 32.1 19.5 
Loose Sediment 27.0 1.0 65.7 8.6 13.8 0.0 
11 
m 
35.2 14.5 
8.1 8.4 
0.4 0.3 
0.0 0.7 
1.7 5.3 
0.1 0.0 
18.4 9.1 
5.1 6.6 
3.9 1.0 
1.0 0.1 
19.5 31.0 
6.5 23.0 
m 
20.8 7.3 
18.5 3.8 
0.0 0.0 
0.0 0.0 
4.6 2.0 
0.0 0.0 
18.5 10.0 
0.0 10.5 
2.3 2.7 
0.0 0.0 
30.4 14.0 
4.9 49.7 
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cluster analysis to determine whether depth zonations exist within the reef 
system. 
Constituent-Particle Analysis. Sediment samples were impregnated with 
commercial casting resin. The impregnated samples were then thin-sectioned 
for subsequent petrographic analysis using conventional petrographic 
microscopes. Only the coarse-grained fraction of the sample (> 2 phi) was 
embedded and thin-sectioned, since the identity of grains smaller than 2 phi 
cannot be consistently resolved with conventional transmitted light microscopes. 
Each thin-section was point counted using standard techniques. 
Rarefaction analysis (Hurlbert 1971) was used to determine when an adequate 
number of points had been counted. In this study, it was determined that 
between 250-300 points were necessary to adequately describe each sediment 
sample (Fig. 3). Results of constituent-particle analysis are presented in Tables 
3 and 4. 
Grain-Size Analysis. Sieve analysis was used to determine gross textural 
characteristics of a subset of the samples collected . Two or more samples were 
selected from the back reef and at least one sample was chosen from each 
depth interval on the fore reef. Duplicate samples (i.e., one spur sample and 
one groove sample) were selected from individual depth zones when samples 
from both spur and groove locations were available. The samples were loaded 
into a stack of standard sieves and analyzed by dry sieving between -2 and +4 
phi, at 1/2 phi intervals. Approximately 40-100 gm of sediment were sieved per 
sample. The contents of each sieve were weighed to 0.01 gm with an electronic 
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Fig. 3. Rarefaction curves for cumulative thin-section point-counts. Sample 
locations: BR = back reef; SFR = shallow fore reef (< 15 m); DFR = Deep fore 
reef (> 15 m). 
TABLE 3. Mean constituent composition(%) for sediments from Akumal, Mexico, determined by 
thin-section point counts. Each percent represents the mean of two or more samples. 
Back reef Halimeda= shallow water Halimeda suite; fore reef Halimeda= deep water Halimeda suite 
LOCATION BACK REEF SHALLOW FORE REEF DEEP FORE REEF 
DEPTH BEACH 1m 3m BRC-3m 5m 10m 11 m 20m 25m 30m 35m 
SAMPLE SIZE ln) 2 2 4 2 2 2 2 2 2 2 2 
BOTTOM TYPE s s s s s s s s s s s 
CONSTITUENT 
Coral 31.3 36.8 43.7 39.3 42.5 32.7 41.2 33.2 37.2 40.7 33.0 
Halimeda 9.0 21.2 6.1 8.5 1.6 12.9 7.5 31.1 27.6 18.7 12.3 
Coralline Algae 20.0 6.2 10.4 13.3 13.0 10.2 5.7 4.5 5.4 5.3 8.0 
HQmotr~ma 3.6 0.0 3.0 4.7 15.2 2.5 1.5 1.1 0.2 1.7 2.0 
Gypsioa 1.1 1.2 3.8 1.9 4.4 2.7 0.3 0.8 2.4 1.0 3.3 
Miliolina 11.5 5.4 6.0 4.4 0.7 13.1 13.4 6.3 6.6 4.0 10.2 
T exturaliina 1.7 3.4 1.7 0.8 1.1 2.7 3.3 1.4 2.8 1.3 1.7 
Rotaliina 2.5 5.4 1.9 1.2 0.0 1.7 2.4 0.9 0.8 0.3 2.4 
Bivalve 4.9 2.2 6.3 9.0 15.0 6.6 5.0 3.7 2.2 8.7 8.1 
Gastropod 1.9 0.2 1.5 2.5 0.6 0.7 0.0 0.5 0.0 1.7 0.6 
Echinoderm 1.5 5.0 1.4 3.1 0.9 2.8 3.0 3.1 3.0 4.7 4.2 
Sponge Spicule 0.2 0.4 0.2 0.0 0.0 0.3 0.0 0.2 0.0 0.0 0.0 
Gorgonian 0.5 2.0 0.1 0.3 0.0 1.0 3.0 0.0 0.4 0.0 1.6 
Bryzoan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pellet 2.4 0.4 5.4 4.6 0.9 2.5 3.0 2.1 3.2 4.7 2.6 
Micritized Grain 6.8 9.2 7.1 6.0 3.7 6.5 10.1 4.0 5.8 6.3 6.4 
Unidentified 1.4 1.0 1.4 0.4 0.4 1.5 0.6 7.0 2.4 1.0 3.7 
BOTTOM TYPE: R = REEF FRAMEWORK; S = UNSTABLE SAND 
40m 
2 
s 
36.4 
22.6 
4.4 
1.0 
1.4 
5.6 
2.2 
1.8 
7.1 
0.2 
1.8 
0.0 
1.8 
0.0 
4.4 
8.1 
.. l.2 
~ 
~ 
TABLE 4. Mean constituent composition(%) for sediments from Chemuyil, Mexico, determined by 
thin-section point counts. Each percent except one represents the mean of two or more samples. 
Back reef Halimeda= shallow water Halimeda suite; fore reef Halimeda= deep water Halimeda suite 
LOCATION BACK REEF SHALLOW FORE REEF DEEP FORE REEF 
DEPTH BEACH 1 m 1m 5m 8m 15m 15m 25m 30m 35m 
SAMPLE SIZE (n) 2 2 2 2 2 1 3 2 2 3 
BOTTOM TYPE s s s s s R s s s s 
CONSTITUENTS 
Coral 39.4 49.2 38.2 56.0 39.2 37.3 37.7 44.5 37.8 39.7 
Halimeda 27.4 15.2 1.6 1.2 21.8 29.0 30.3 21.7 19.0 24.4 
Coralline Algae 4.6 4.0 20.3 17.0 7.0 3.3 3.1 7.0 8.2 5.6 
Homotrema 0.4 0.0 2.6 0.4 2.2 0.0 0.5 0.6 0.0 0.0 
Gypsina 0.2 1.0 1.4 2.2 0.6 1.7 0.5 2.6 2.2 1.1 
Miliolina 5.8 7.2 8.6 0.8 12.0 7.7 7.6 3.4 6.6 5.1 
Texturaliina 1.4 0.4 1.6 0.4 1.4 1.3 2.0 2.6 5.0 2.0 
Rotaliina 3.4 4.0 2.2 0.0 1.0 2.0 0.1 1.1 0.8 0.1 
Bivalve 2.6 3.6 6.9 10.0 3.8 4.0 4.4 3.7 4.4 5.3 
Gastropod 1.4 0.8 0.6 0.0 1.4 0.3 0.8 1.3 2.8 0.9 
Echinoderm 3.0 4.2 2.6 2.0 2.0 0.7 2.8 3.0 3.4 2.7 
Gorgonian 0.2 0.2 0.0 0.0 0.0 0.0 0.1 0.0 0.2 0.2 
Sponge Spicule 0.0 0.2 0.8 0.0 1.8 2.0 0.3 0.9 1.0 1.1 
Bryzoan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pellet 0.0 0.0 5.4 4.2 0.4 3.7 2.5 5.3 4.4 5.7 
Cryptocrystalline 5.4 7.2 7.0 5.2 2.6 6.0 5.5 2.2 3.4 5.8 
Unidentified 4.8 2.8 0.2 0.6 2.8 1.0 1.7 0.2 0.8 0.4 
BOTTOM TYPE: R = REEF FRAMEWORK; S = UNSTABLE SAND 
.... 
U1 
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balance. Grain-size weight-percent data gathered from sieve analysis were 
used to construct frequency histograms (Figs. 4-6). Cumulative frequency 
curves were plotted on Gaussian probability graph paper and used to determine 
mean grain size and sorting (Mz; Folk and Ward 1957). Tables 5 and 6 present 
the results of grain-size analyses. 
Mineralogy and Insoluble-Residue Analysis. Quantitative X-ray analysis 
was performed to determine the bulk carbonate mineralogy of the sediment. X-
ray analyses were completed with a Siemens X-ray diffractometer at 30 kv and 
16 ma using Ni-filtered Cu K-alpha radiation (1.54A). 
Standards were prepared containing known weight percentages of 
aragonite, low-Mg calcite, and high-Mg calcite. For this study a recent 
scleractinian coral was used as the source of aragonite, coralline algae as a 
source of high-Mg calcite, and Iceland spar calcite as a source of low-Mg calcite. 
Various weights of the materials were combined to construct standards of 
known weight percentage. Each standard sample was thoroughly mixed to 
ensure homogeneity . Small portions of each standard (0.02 gm) were placed 
on a petroleum-jelly coated glass slide and analyzed between 25° and 32° 2 
theta at an interval of 0.02° with a 0.7-second step time. Each standard was 
analyzed four times by this method, and was rotated 90° between each analysis. 
The average net area beneath each peak was calculated using an 
integration routine within the X-ray diffraction software package (Theta-XRD). 
Net areas beneath appropriate peaks on the diffraction pattern were used to 
construct calibration curves which plot the net areas under the diffraction curve 
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Fig. 4. Frequency histograms for Akumal samples from the back reef (0-3 m), 
shallow fore reef (5-11 m), and deep fore reef (20 m) which illustrate the size 
distributions from sieve analysis. 
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Fig. 5. Frequency histograms for Akumal samples from the deep fore reef (25-40 
m) which illustrate the size distributions from sieve analysis. 
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Fig. 6. Frequency histograms for Chemuyil samples from the back reef and fore 
reef (0-35 m) which illustrate the size distributions from sieve analysis. 
TABLE 5. Grain-size frequencies, mean grain size, and sorting (Folk and Ward, 1957) for 
individual sediment samples collected from the back reef and fore reef, Akumal, Mexico 
LOCATION BACK REEF SHALLOW FORE REEF DEEP FORE REEF 
SAMPLE A30 A24 A14 A26 A10 A12 A32 AB A17 
DEPTH Beach 3m Sm 10 m 11 m 20m 25m 30m 35m 
BOTIOM TYPE * s s s s s R s s s 
GRAIN SIZE 
(I) mm 
-2 4.000 0.00 0.00 43.21 0.00 0.00 1.69 1.09 7.56 6.34 
-1.5 2.830 0.00 0.09 15.93 0.00 0.00 1.75 1.43 2.40 1.16 
-1 2.000 0.15 0.14 12.17 0.98 0.16 6.89 4.43 3.87 1.57 
-0.5 1.410 0.59 0.26 13.48 0.25 0.08 11.33 6.10 6.03 1.93 
0 1.000 2.56 0.59 9.08 0.93 0.24 10.81 7.30 8.54 2.93 
0.5 0.710 6.87 1.21 3.17 3.63 0.29 12.63 11.45 11.10 3.71 
1 0.500 31.46 3.56 1.23 15.09 1.68 18.08 18.58 15.20 6.80 
1.5 0.350 24.46 11.48 0.55 41.21 10.34 15.13 19.74 14.84 13.61 
2 0.250 10.79 27.23 0.30 27.53 41.92 8.59 13.20 11.68 24.56 
2.5 0.177 12.75 32.38 0.21 8.59 38.11 5.27 8.62 8.67 22.38 
3 0.125 8.09 16.23 0.15 1.32 6.77 2.91 4.03 5.09 9.40 
3.5 0.088 1.99 4.23 0.13 0.16 0.31 1.66 1.67 2.23 2.43 
4 0.062 0.20 1.23 0.11 0.06 0.05 1.19 0.93 1 .36 1.28 
>4 <0.062 0.09 1.37 0.28 0.25 0.05 2.07 1.43 1.43 1.90 
GRAPHIC MEASURES 
MEAN GRAIN SIZE~ 1.33 2.08 -1.75 1.33 1.91 0.58 0.92 0.83 0.92 
SORTING 0.81 0.65 1.26 0.45 0.38 1.34 1.20 1.60 1.52 
* Bottom type refers to bottom substrate: R= Reef Framework; S = Unstable Sand 
A115 
40m 
s 
10.54 
2.72 
5.56 
7.58 
9.01 
11.23 
15.77 
14.45 
10.66 
6.90 
3.10 
1.00 
0.61 
0.87 
1.16 
1.47 
N 
0 
TABLE 6. Grain-size frequencies, mean grain size, and sorting (Folk and Ward, 1957) for 
individual sediment samples collected from the back reef and fore reef, Chemuyil, Mexico 
LOCATION BACK REEF SHALLOW FORE REEF DEEP FORE REEF 
SAMPLE CH119 CH117 CH103 CH101 CH102 CH105 CH106 CH113 
DEPTH Beach 1m Sm 15m 15m 25m 25m 30m 
BOTIOMlYPE* s s s R s s R s 
GRAIN SIZE 
~ mm 
-2 4.000 0.00 0.00 3.93 1.97 0.00 1.29 0.74 4.96 
-1.5 2.830 0.00 0.00 5.56 0.55 1.97 1.04 1.32 1.17 
-1 2.000 0.30 0.05 12.46 3.15 4.09 3.86 4.12 3.98 
-0.5 1.410 0.90 0.20 21.86 7.96 8.32 6.92 7.05 5.61 
0 1.000 2.38 0.30 28.94 10.90 11.12 12.50 11.96 9.45 
0.5 0.710 3.65 0.60 17.65 15.71 15.44 18.66 18.45 12.35 
1 0.500 4.45 1.08 7.74 23.00 23.64 22.49 24.24 15.95 
1.5 0.350 3.92 2.13 1.55 17.95 17.83 15.10 14.61 15.21 
2 0.250 3.10 5.52 0.17 10.11 9.78 8.46 7.55 11.61 
2.5 0.177 4.57 14.80 0.05 5.49 5.04 5.19 4.44 9.04 
3 0.125 10.64 23.07 0.02 2.12 1.83 2.25 2.41 5.17 
3.5 0.088 20.43 22.26 0.01 0.61 0.49 0.83 1.16 2.17 
4 0.062 29.58 18.05 0.01 0.16 0.16 0.68 0.84 1.16 
>4 <0.062 16.08 11.94 0.05 0.32 0.29 0.73 1.11 2.16 
GRAPHIC MEASURES 
MEAN GRAIN SIZE ~ 3.00 3.08 -0.50 0.66 0.66 0.75 0.58 1.50 
SORTING 1.18 0.75 0.78 1.12 0.92 0.99 1.03 1.26 
* Bottom type refers to bottom substrate: R = Reef Framework; S = Unstable Sand 
CH112 CH122 
35m 35m 
s s 
2.00 1.69 
1.47 1.02 
4.80 3.56 
8.14 6.12 
12.24 8.80 
16.76 12.21 
23.67 18.48 
18.20 18.62 
8.29 14.60 
3.08 8.95 
0.88 3.67 
0.23 1.02 
0.10 0.53 
0.14 0.73 
0.50 1.00 
0.99 1.14 
N 
.... 
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versus the weight percent aragonite, low-Mg calcite, and high-Mg calcite in the 
standard (Fig. 7). Subsets of the bulk sediment samples were mechanically 
quartered to reduce the total sample size to approximately 1 O grams of 
sediment. The samples included all size fractions present within the bulk 
samples. These samples were prepared and analyzed in the same manner as 
the standards. The net areas beneath the diffraction curves for the samples 
were calculated and matched to the calibration curves to determine the 
percentages of aragonite, high-Mg calcite, and low-Mg calcite in the sample. 
It is important to note that estimates of mineralogy-percentage (aragonite, 
Low-Mg calcite, and High-Mg calcite), based on point-count data, will be slightly 
different from values obtained from X-ray diffraction, since the point-counted 
slides did not contain the finer sediment fractions (< 2 phi). However, 
mineralogy estimations from point-count data do provide a measure of the 
accuracy of the quantitative X-ray methodology. 
Siliciclastic/carbonate ratios were determined from a third portion of the 
bulk samples by placing the pre-weighed samples in glass beakers and 
dissolving the carbonate components in 20% hydrochloric acid. Each solution 
was allowed to settle twelve hours. Following the dissolution of the carbonate 
fraction, the acid/water solution was siphoned off and passed through a Buchner 
funnel equipped with a pre-weighed Whatman No. 1 paper filter. The paper filter 
was dried in an oven at 100° C and weighed to determine what portion, if any, 
of the insoluble fraction was removed with the acid/water solution. A small but 
significant amount (> 5%) of the insoluble material remained suspended in the 
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Fig. 7. X-ray diffraction calibration curves constructed by plotting weight percent 
of each mineral phase versus the net area beneath the diffraction curve, used 
for the determination of weight percentage aragonite, low-Mg calcite, and high-
Mg calcite. Lines determined by linear regression. 
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acid/water solution and was subsequently removed during siphoning. Therefore, 
failure to filter and eventually weigh the insoluble material contained in the 
supernatant would lead to an underestimation of the insoluble fraction in the 
sediment. The insoluble material in the beaker was rinsed with distilled water 
and allowed to settle for twelve hours. The fluid was then siphoned off and 
filtered and the residue weighed by the aforementioned method. Each sample 
was washed with distilled water three times to remove the dissolved carbonate 
ions as well as the unused acid. The remaining residue was dried and weighed 
to determine the relative proportions of carbonate and non-carbonate in the 
samples . 
The gross insoluble fraction of each sample was heated in an oven at 
450° C for eight to twelve hours, until · a constant weight was achieved, to 
destroy (ash) the organic fraction of the insoluble material in each sample. Each 
sample was cooled in a desiccator and weighed to determine the proportions of 
organic and inorganic insoluble material. At least one insoluble residue sample 
from each site was analyzed by X-ray diffraction following methods previously 
described. 
Lithofacies and Biofacies Analysis. A computer-based program of 
hierarchical cluster analysis (MVSP Plus Version 2.0a) was utilized (Kovach 
1990) to examine quantitatively the constituent-particle data. Q-mode cluster 
analysis was selected to assist in delineating associations among samples which 
could not be determined using conventional statistical methods. For this study, 
individual percentages of each grain type for the samples were analyzed using 
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the Standard Euclidean Distance coefficient. The Unweighted Pair-Group 
method with simple Arithmetic Averages (UPGMA) was chosen as the clustering 
method due to its conventional use in similar studies. The Euclidean Distance 
measures the distance between the individuals (samples) land i defined by: 
where sdk = standard deviation of all elements of k. 
The UPGMA measures the average distance between all pairs of individuals 
(samples) in each of the clusters. Separate runs of the clustering program were 
conducted on constituent -composition data sets for each coastal site and on 
data for the coastal sites combined. Finally, a cluster analysis was performed 
on a data set which combined constituent-particle composition for sediments 
from Mexican barrier and Jamaican (Boss and Liddell 1987) fringing reef sites. 
RESULTS 
Constituent-Particle Composition 
Thin-section study of the samples indicates that the major components 
of the sediment are highly comminuted fragments of coral (31.3% - 56.0%), 
plates of the calcareous green alga, Halimeda (1.2% - 31.1 %), coralline algae 
(3.1 % - 20.3%) , milioline Foraminifera (0.7% - 13.4%), the encrusting rotaliine 
foraminiferan, Homotrema rubrum (0.0% - 15.2%), bivalves (2.2% - 15.0%), and 
lesser amounts of other taxonomic groups (echinoderms, 0.7%- 5.0%; molluscs, 
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0.0% - 2.8%, and other Foraminifera (Tables 3-4). 
Texture 
Sieve analysis of the samples from each study site reveals that the 
averages of the mean grain-sizes at Akumal and Chemuyil are 0.42 mm and 
0.50 mm, respectively. Mean grain size generally decreases with increasing 
depth over the shallow fore reef and deep fore reef (R2 = 0.12 and 0.30) (Fig. 
8). Sediments are moderate to poorly sorted with a tendency to become 
progressively more poorly sorted with depth (R2 = 0.42 and 0.48). These 
bathymetric trends are not significant, however (Spearman Rank Correlation 
p<0.05). Sediments collected in reef grooves exhibited slightly better sorting 
than sediments collected on reef lobes (spurs). 
Mineralogy and Insoluble-Residue Composition 
Mexican barrier reef sediments are predominantly composed of aragonite 
(72-93%) with lesser amounts of high-Mg calcite (3-24%) and low-Mg calcite (3-
9%) (Table 7). Aragonite content decreases with increasing depth whereas 
high-Mg calcite content increases with decreasing depth. The low-Mg calcite 
content shows no distinctive depth-related trend. 
The total calcium carbonate fraction of back reef sediments from Akumal 
averages 99.25%, insoluble organics average 0.67%, and other inorganic 
insolubles average 0.08% (Table 8). The total calcium carbonate fraction of back 
reef sediments from Chemuyil averages 98.95%, insoluble organics average 
0.73%, and other inorganic insolubles average 0.32%. Fore reef sediments from 
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Fig. 8. Plot of mean grain size versus depth and sorting versus depth for 
sediments from the fore reef of Akumal and Chemuyil, Mexico. Data include · 
samples from adjacent reef lobes and sand channels where available. 
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TABLE 7. Mineralogical compositions (weight%) of Mexican 
barrier reef sediments 
AKUMAL 
% Low-Mg %High-Mg 
LocatiQn SamQle DeQth 019 Aragontte Qalctte Calctte 
Back reef AK25 1m 92 5 3 
AK24 3m 91 4 5 
Mean: 92 5 4 
Shallow fore AK14 Sm 90 4 6 
reef AK10 11m 90 5 5 
Mean: 90 5 6 
Deep fore AK12 20m 90 5 5 
reef AK8 30m 85 4 11 
AK111 35m 87 4 9 
Mean: 87 4 8 
CHEMUYIL 
% Low-Mg % High-Mg 
Location Samgle Degth %Aragontte Calctte Calctte 
Back reef CH120 O.Sm 93 3 4 
CH118 1m 92 5 3 
Mean: 93 4 3 
Shallow fore CH103 Sm 87 4 9 
reef CH102 15m 89 3 8 
Mean: 88 4 9 
Deep fore CH106 25m 87 5 8 
reef CH113 30m 76 9 15 
CH123 35m 72 4 24 
Mean: 78 6 16 
TABLE 8. Weight percent insoluble fraction and total CaC0 3 in 
back reef and fore reef sediments from Akumal and Chemuyil, 
Mexico. BR = Back reef; NS = near shore 
LOCATION-AKUMAL 
BACK REEF %INORGANIC 
DEPTH SAMPLE %CaCO INSOLUBLE 
BRNS-1 m AK25 99.01 0.08 
MIDBR-3m AK23 99.48 0.06 
MEAN 99.25 0.08 
MEDIAN 99.25 0.07 
FORE REEF 
DEPTH 
Sm AK15 99.29 0.07 
11 m AK11 99.62 0.04 
20m AK13 99.69 0.02 
30m AK8 99.51 0.10 
MEAN 99.53 0.06 
MEDIAN 99.57 0.06 
LOCATION-CHEMUYIL 
BACK REEF %INORGANIC 
DEPTH SAMPLE 0hQaQO INSOLUBLE 
BRns-0.5 m CH120 98.80 0.44 
MIDBR CH117 99.11 0.19 
MEAN 98.95 0.32 
MEDIAN 98.95 0.32 
FORE REEF 
DEPTH 
Sm CH104 99.59 0.14 
15m CH101 99.60 0.06 
25m CH105 99.75 0.00 
35m CH123 99.50 0.01 
MEAN 99.61 0.05 
MEDIAN 99.60 0.04 
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%ORGANIC 
INSOLUBLE 
0.91 
0.46 
0.67 
0.67 
0.64 
0.34 
0.28 
0.52 
0.45 
0.30 
%ORGANIC 
INSOLUBLE 
0.76 
0.70 
0.73 
0.73 
0.27 
0.34 
0.25 
0.49 
0.34 
0.30 
30 
Akumal contain an average calcium carbonate content of 99.53%. Insoluble 
organics average 0.45%, and inorganic insolubles average 0.06%. Fore reef 
sediments from Chemuyil contain an average calcium carbonate content of 
99.61 %. Insoluble organics average 0.34%, and inorganic insolubles average 
0.05%. X-ray diffraction of the inorganic insoluble fraction of the sediments 
indicates the presence of anhydrite and quartz. 
Lithofacies and Biofacies 
Q-mode cluster analysis of epireefal sediments produced the 
dendrograms illustrated in Figs. 9 and 10. Three well-defined groupings are 
represented which reflect variations in the composition of the back reef, shallow 
fore reef, and deep fore reef facies. The dendrograms produced from Q-mode 
cluster analysis of reef biota (Fig. 11 a,b), from the same bathymetric range, also 
produce distinctive groupings which generally correlate with the depth zonations 
observed in the reef sediments. Cluster analysis of combined data from Akumal 
and Chemuyil produced dendrograms which are strikingly similar to those of the 
individual sites (Fig. 12). Cluster analysis of combined Mexican and Jamaican 
sediment constituent data produced the dendrogram illustrated in Fig. 13, which 
also contains three distinctive groupings . 
DISCUSSION 
Constituent-Particle Composition 
Rarefaction curves created from thin-section point count data indicate that 
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Fig. 9. Cluster dendrogram based upon analysis of constituent-particle 
composition which illustrates the genetic relationship between sediment 
composition and reef environment at Akumal, Mexico. Constructed from data 
in Table 3. Sample codes: 30s = fore reef sample, sample depth 30 meters, 
bottom types= sand; 3BRC = back reef crest, depth 3 meters; 3L = back reef, 
depth 3 meters; BCH = back reef beach. 
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Fig. 10. Cluster dendrogram based upon analysis of constituent-particle 
composition which illustrates the genetic relationship between sediment 
composition and reef environment at Chemuyil, Mexico. Constructed from data 
in Table 4. Sample codes: 15r = fore reef sample, depth 15 meters, bottom type 
s = sand, r = reef framework; BRC = back reef crest; 1 L = back reef, depth 1 
meter; BCH = back reef beach. 
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Fig. 12. Cluster dendrogram based upon analysis of combined barrier reef 
sediment (Akumal and Chemuyil) constituent-particle composition which 
illustrates the genetic relationship between sediment composition and reef 
environment. Constructed from data in Tables 3-4. Sample codes: AK-30 = 
sample location AK = Akumal fore reef, CH = Chemuyil fore reef, 30 = sample 
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Fig. 13. Cluster dendrogram based upon analysis of combined coastal reef 
sediment (Mexico and Jamaica) constituent-particle composition data which 
illustrates the genetic relationship between sediment composition and reef 
environment. Constructed from data in Tables 3-4 and Appendix A. Sample 
codes: M-30 = sample location M = Mexico fore reef, J = Jamaican fore reef, 30 
= sample depth (meters); 3BRC = back reef crest, depth 3 meters; 3L = back 
reef, depth 3 meters; BCH = back reef beach. 
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approximately 250-300 points must be counted on each slide to describe 
adequately the constituent composition of the sediments (Fig. 3) as the 
sediments generally contain a large number of grain types. Previous 
researchers have found that variations in the abundance of major sediment 
constituents are related directly to the presence of sediment-producing 
organisms living on the reef at a particular depth interval (Boss and Liddell 
1987). Coral fragments clearly constitute the largest proportion of the sediment 
from both Akumal and Chemuyil, and similarly dominate the biotic community. 
A comparison of the percentage of coral fragments in the sediment versus the 
percentage of living coral cover across the various reef zones indicates a direct 
relationship between sediment composition and the biotic community (Figs. 14-
15). The percentage of coral, of Halimeda plates, and of coralline algae present 
in the sediment generally correspond with the percentages of the living 
organisms at each depth on the fore reef. 
Texture 
Grain-s ize analysis of reef sediments showed only modest correlation 
between mean grain size and depth and between sorting and depth. The 
compositional similarity between fore reef sediments collected on reef lobes and 
in reef channels, observed by other researchers (Boss and Liddell 1987), was 
also found in the present study. This was taken to indicate the absence of 
sufficiently competent sand-transport mechanisms under modal wind, wave, and 
tide conditions. Although significant wave surge was observed within the reef 
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Fig. 14. Spindle (kite) diagram which shows the abundance of major sediment 
constituents at each sampled depth at Akumal, Mexico, and the relative 
proportions of major biotic groups, as determined from photo transect data. 
Sediment sampling sites and depths indicated on reef profile at top. 
38 
CHEMUYIL 
BR CR 0.5 m 5 m 8 m 15 m 25 m 30 m 35 m 8, 
'-~~~_._~.._~-i-~~~~~~~-'-~~~---'-~...J.--'-~-Om 
100m 
SCALE 
CORAL 
[d % SEDIMENT 
CORALLINE ALGAE [P::;::Z: ;:: : :;;::- ;;. ~~- --~- --~-·;;;-- ~-·-~·~a · --~--~--~---~---;:;---;---;;;;---~-ci- - : ;;;;;: : : ;;;;;: : :;: : : : ;:: : ::: : : :;: : :::J7J 
10 m 
20m 
30m 
40m 
Fig. 15. Spindle (kite) diagram which shows the abundance of major sediment 
constituents at each sampled depth at Chemuyil, Mexico, and the relative 
proportions of major biotic groups as determined from photo transect data. 
Sediment sampling sites and depths indicated on reef profile at top. 
39 
channels, the dominant process within the area of wave turbulence appears to 
be the winnowing of fines that increases sorting in shallow fore reef samples. 
No indication of significant off-reef transport was found in this study. 
Boss and Liddell (1987) found that data gathered by traditional particle-
analysis techniques employed in studies of siliciclastic rocks were of only limited 
value in the carbonate depositional environment. This is due in part to the in 
situ generation of sediment grains, which occurs at all depths on the reef. 
Inhomogeneities in the hydraulic characteristics of the various sediment 
constituents also make tenuous traditional conclusions about sediment transport 
based on clast size. 
Mineralogy and Insoluble-Residue Composition 
The carbonate mineralogical content of the sediments representing all 
depths sampled is shown in Table 7. Aragonite is the predominant form of 
CaC0 3 and ranges from 72% in the deep fore reef to 93% in the back reef. 
High-Mg calcite content shows an inverse relationship, with the lowest 
percentage in the back reef (3%) and the highest percentage in the deep fore 
reef (24%). Chi-square testing (p<0.05) of the mineralogical content of 
sediments from Akumal, Mexico, indicates that no significant differences exist 
between samples throughout depths of 0-40 m. Sediments from different depths 
at Chemuyil, Mexico were significantly different (p<0.05) by chi-square testing, 
but no clear environmental associations could be made. 
Sediment insoluble-residue content reaches the highest level in the back 
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reef sediments at both sites, and decreases somewhat across the fore reef. 
Chi-square testing (p<0.05) indicates that insoluble residue content values for 
samples collected through the depth range of 0-40 m are not significantly 
different. Therefore , depositional environments probably cannot be delineated 
based on insoluble residue content. 
X-ray diffraction of the inorganic insoluble residue fraction of the 
sediments revealed the presence of quartz and anhydrite. No definite 
explanation for the minor trace of anhydrite is available, although it is probably 
an artifact of the analytical procedures used to remove the organic component 
of the insoluble material. 
Lithofacies and Biofacies 
Q-mode cluster analysis of constituent particle data from Mexican barrier 
reef sediments has shown that Holocene epireefal sediments display variability 
in biotic composit ion which is directly related to the community structure of the 
different reef zones. The clustering of sediment samples from adjacent sand 
channels and reef interstices at similar depths indicates that little differential off-
reef transport is occurring on the fore reef to a depth of approximately 40 m. 
Initial cluster analysis of sediment constituent data produced dendrograms 
which grouped some shaflow fore reef samples with back reef samples. An 
examination of the constituent composition of these sediments and the 
percentages of individual grain types within the samples indicated that an 
unusually high percentage of Halimeda was present at both locations. Further 
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inspection of Halimeda grain types allowed the delineation of deep-water (fore 
reef) and shallow-water (back reef) Halimeda suites based on Halimeda plate 
morphology. The deep-water Halimeda species plates were observed to be 
large, thin, and platy, whereas shallow-water Halimeda species plates are 
smaller, much thicker, and sturdier. Similar measures were employed in a 
previous study (Boss and Liddell 1987) to resolve the clustering of back reef and 
fore reef samples together. 
Some back reef samples continued to group with the fore reef clusters 
after the separation of shallow and deep water Halimeda suites. It is believed 
that some back reef samples receive sediment input from patch reefs which are 
found in the back reef environment. The patch reefs contain sediment 
producing biota similar to those found on the fore reef, which may · alter the 
composit ion of back reef sediments in localized areas . 
The inclusion of back reef crest samples in the shallow fore reef clusters 
is thought to be the result of transport of shallow fore reef sediments over the 
reef crest. However, it may indicate that the back reef environment, immediately 
leeward of the reef crest , is similar to the shallow fore reef environment. 
Cluster analysis of combined barrier reef constituent data produced 
dendrograms which were . strikingly similar to those from the analysis of the 
individual sites (Fig. 12). This indicates that little lateral variation exists within 
constituent composition of the barrier reef sediment facies, at least within a 
distance of a few kilometers. 
An inspection of the cluster dendrogram based on the analysis of 
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constituent-composition of Mexican barrier and Jamaican fringing reef sediments 
(Appendix A - data from Boss and Liddell 1987) indicates that similar depth-
related zonations occur within the sediments (Fig. 13), despite the considerable 
distances that separate the two sites. Separation of Mexican and Jamaican 
samples within the three distinctive cluster groups is observed in the 
dendrogram. This indicates that the composition of Mexican and Jamaican 
sediments from similar depths is somewhat different, despite their nearly 
identical depth-related zonations. 
CONCLUSIONS 
Quantitat ive analysis of Holocene carbonate sediments from barrier reefs 
on the Caribbean coast of Mexico allows the delineation of reef zonations based 
on constituent composition . Mineralogical content and grain-size characteristics 
fail to produce clear depth- or environmental-related associations and thus are 
not useful for defining reef facies . 
Q-mode cluster analysis of epireefal sediments enables the separation of 
lagoon, shallow reef (<10-15 m), and deep reef (>10-15 m) lithofacies at all 
study sites. Cluster analysis of combined data from Akumal and Chemuyil 
produced dendrograms which are strikingly similar to those of the individual sites 
(Fig. 12). Similar depths· were clustered together to yield the three facies 
observed in cluster runs for the individual sites (i.e., back reef, shallow fore reef, 
and deep fore reef facies). Furthermore, cluster analysis of combined data from 
Mexican barrier and Jamaican fringing reefs produced dendrograms which 
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contained depth-related cluster groups nearly identical to those observed at the 
individual study sites (Fig. 13). This suggests that Mexican and Jamaican reefs 
possess similar sediment- and biota-related depth zonations. The similarity of 
the distributions of sediment allochems and sediment-producing organisms 
observed in the present study suggests that reef-community structure, at least 
for calcifying organisms, is potentially preservable . 
CHAPTER Ill 
PATTERNS OF CONSTITUENT COMPOSITION, TEXTURE, AND 
MINERALOGY OF CARIBBEAN AND GULF OF MEXICO ATOLLS 
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ABSTRACT . Holocene carbonate sediment from Mexican atoll reefs in the 
Caribbean and Gulf of Mexico display variations in constituent composition, 
texture and mineralogy which are related to their locations on the reefs. 
Samples were collected at the oceanic atoll of Chinchorro, off the southeast 
coast of the Yucatan Peninsula; and at the shelf atoll of Alacranes, in the Gulf 
of Mexico. Samples were collected through a depth range of 0-28 m, which 
encompassed the back reef. shallow fore reef, and deeper fore reef 
environments. 
Lagoon facies are dominated by Halimeda with lesser amounts of coral 
and coralline algae. In contrast, shallow and deep fore reef facies are 
dominated by coral, with lesser amounts of Halimeda and coralline algae. 0-
mode cluster analysis of constituent data enables the delineation of lagoon (back 
reef), shallow reef (<10-15 m), and deep reef (>10-15 m) lithofacies. 
Greater than 90% of the sediment (dry weight) is contained in the interval 
0.125-2.00 mm, with mean grain size (Mz) approaching 0.6 mm at most sites. 
Mz was found to decrease with increasing depth at Chinchorro but not at 
Alacranes to depths of 17 m. Chinchorro reef sediments are moderately to 
poorly sorted, and typically become more poorly sorted with increasing depth, 
whereas Alacranes sediments show no depth-related trend in sorting. 
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Sediments collected from reef channels (grooves) are consistently better sorted 
than those from the reef interstices (spurs). 
Mineralogically, the sediment is predominantly aragonite (63-90%) and 
high-Mg calcite (5-33%), with minor amounts of low-Mg calcite (3-9%). The 
sediment is chiefly composed of these three polymorphs of CaC0 3 (96.32-
99.83%) with only a small percentage of insoluble (non-carbonate) material. The 
non-carbonate fraction of the sediment is dominated by organics (0.14-3.16%) 
with lesser amounts of clay minerals and amorphous silica (0.00-0.66%). 
Quantitative analysis of sediments of Mexican atoll reefs shows that 
strikingly similar depth-related zonations are present at sites in significantly 
different geomorphic environments separated by more than 500 km. These 
sedimentological zonations reflect the community composition of the living reefs. 
INTRODUCTION 
There have been numerous studies of Holocene carbonate sedimentation 
on atoll reefs which have increased our knowledge of this unique depositional 
environment (Newell 1954; Stoddard 1962; Folk and Robles 1964; Folk 1967b; 
Milliman 1967; Flood 1977; Garrett and Scoffin 1977; Wallace and Scafersman 
1977). In addition, there have been several studies of Caribbean atoll reefs and 
carbonate shelf biotas (Goreau 1959; Logan 1969; Chavez et al. 1970; Jordan 
et al. 1981; Chavez et al. 1985). Most previous studies of reef sedimentation 
were qualitative rather than quantitative in nature, and few studies have 
addressed the relationship between carbonate sediment composition and the 
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organisms responsible for sediment production. This is a seemingly obvious 
comparison, but one which only rarely has been made by previous workers (e.g., 
Ginsburg 1956, Boss and Liddell 1987a; Liddell et al. 1987). 
The present study integrates sedimentological characteristics with the 
distribution of biotic communities through a broad range of atoll reef 
environments (fore reef, lagoon) in an attempt to more concisely define the role 
organisms play in the development of sedimentary facies. 
Previous Work 
Atoll reefs of the Gulf and Caribbean coasts of the Yucatan Peninsula 
(Fig. 16) only recently have received significant study. Studies of recent 
(Holocene) carbonate sedimentation at atolls in the area of the Gulf and 
Caribbean Coast of the Yucatan Peninsula primarily have been restricted to 
Alacranes (Kornicker and Boyd 1962; Folk and Robles 1964; Hoskins 1966; Folk 
1967b) and Belize (formerly British Honduras) (Stoddard 1962; Milliman 1969; 
Wantland and Pusey 1975; Wallace and Scafersman 1977; James and Ginsburg 
1979; Macintyre et al. 1986). Wantland and Pusey (1975) provided detailed 
information about sedimentation, as well as reef structure, morphology, and 
ecology along the coast of Belize. 
Studies of atoll reef biota and reef structure have been conducted at 
Belize (Wantland and Pusey 1975; Rutzler and Macintyre 1982; Macintyre et al. 
1986) and the Banco Chinchorro off the Caribbean Coast in southeastern 
Quintana Roa, (Chavez et al. 1970; Chavez and Hidalgo 1984; Jordan and 
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Fig. 16. Locations of the atoll reef study sites Chinchorro, located off the 
southeast coast of the State of Quintana Roo, Mexico, and Alacranes, located 
off the northern coast of the State of Yucatan, Mexico, in the Gulf of Mexico. 
The locations of reef transects are indicated on the inset maps. 
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Martin 1987). Additional studies of coral reef biota and reef structure have been 
conducted off the Gulf Coast at the atolls of Alacranes (Kornicker and Boyd 
1962; Chavez et al. 1985) and the Cayo Areas (Farrell et al. 1983; Chavez et 
al. 1985). 
Location of Study 
Field work for this study was conducted along the southeast coast of the 
Yucatan Peninsula and in the Gulf of Mexico (Fig. 16). The samples were 
collected on the Banco Chinchorro (18° 47' - 18° 23' North Latitude, and 87° 14'-
87° 27' West Longitude) off the southeast coast of the Mexican state of 
Quintana Roo, and at Alacranes (22° 24'- 22° 27' North Latitude, 89° 32'- 89° 48' 
West Longitude), in the southern Gulf of Mexico (Fig. 16). Samples from 
Alacranes were collected in 1988 by Dr. W. David Liddell as part of a joint Utah 
State University/CINVESTAV study. Samples from Chinchorro were collected 
in 1991. Laboratory analyses of sediment samples were conducted at Utah 
State University. 
METHODS 
Sampling 
Sediment Sampling. Grab samples of Holocene sediment were collected 
via SCUBA. Approximately 200 gm of sediment were collected for each sample. 
Sampling was conducted along transects oriented perpendicular to the reef 
crest, through a bathymetric range of 0-28 m, at depth intervals of approximately 
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5 m. Some depths were not sampled due to time and logistical difficulties. Fore 
reef sampling at Chinchorro and Alacranes was limited to the windward side of 
the atolls. Sampling was conducted across most of the back reef at both sites. 
The transects were designed to incorporate all accessible environments present 
in each study area (lagoon/back reef, reef crest, fore reef). At least two 
sediment samples were taken at each depth (Fig. 17). Samples were taken 
from both sand channels and reef lobes when sufficient sediment was available 
from both environments . Eighty-one atoll reef sediment samples were collected 
at the two study locations 
Following collection of the sediment, samples were air-dried and placed 
in plastic bags for shipment to Utah State University. Upon arrival at Utah State 
University , the samples were washed in distilled water. The sediments were 
allowed then to settle for approximately twelve hours, so that fine-grained 
constituents would not be lost. The supernatant fluid was siphoned off and 
passed through a Buchner funnel and No. 1 Whatman paper filter. Filtering and 
weighing the supernatant insured that no portion of the bulk sample was lost 
during processing . Each sample was washed three times by this method. 
Following the washing process, the sediment was air-dried until only a small 
amount of water remained in the sediment. The samples then were dried to 
constant weight in an oven at 105° C. The filter paper also was dried and 
weighed to determine what portion of the fine-grained constituents was removed 
with the supernatant. Only a small portion of each bulk sample was lost during 
the washing procedure (< 0.1 gm per 200 gm sample). After washing, the 
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Fig. 17. Diagrammatic cross-section of bottom profile at sampling site locations: 
A - Chinchorro; B - Alacranes. Sampling locations and depths indicated at top. 
Back reef sampling localities not indicated on profile. 
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samples were separated into four equal parts by a mechanical riffle splitter. 
Each split of the sample was used to determine a specific characteristic of the 
sediment. One split was used for point-counting to determine the community 
composition preserved in the sediment. The remaining splits were used for X-
ray diffraction, grain-size, and insoluble residue analysis . 
Community Sampling. Community composition was evaluated by census 
sampling via underwater photography at the same sites as sediment samples. 
The Planar Point Intercept method (Lucas and Seber 1977; Eberhardt 1978) was 
employed by randomly placing a ten meter long tape, marked at 20 cm 
increments, parallel to the reef crest at each sample site. The area beneath 
each 20 cm increment point was photographed with color transparencies. Each 
photograph covers an area of approximately 0.25 m2 . The actual number of 
points photographed at each depth depended principally on physiological 
constraints on usable bottom time with SCUBA. Approximately 72 exposures 
were taken at each depth interval. 
Analytical Procedures 
Processing of Community Data. Photo-census data were processed by 
projecting transparencies at natural size onto a grid with twenty-five equally 
spaced fixed points. Then the identity of each organism at each grid point was 
recorded (Planar Point Intercept method). Data from photo-transects (Tables 9-
10) were used to determine (%) reef community composition and structure by 
methods described by Liddell and Ohlhorst (1987, 1988, 1991 ), Ohlhorst and 
TABLE 9. Community composition(%) from 0.5-28 m for the atoll 
reef at Chinchorro, Mexico, as determined by analysis of photographs 
of line transects. DFR = deep fore reef 
Location 
D h 
Bottom Type 
Scleractinian Corals 
Hydro ids 
Anemones 
Fleshy Sponges 
Boring Sponges 
Macro Algae 
Filamentous Algae 
Halimeda 
Coralline Algae 
Rock & Rubble 
Loose Sediment 
26.3 11.6 5.0 3.4 
0.0 0.0 0.0 0.0 
0.0 1.9 3.3 0.6 
0.0 1.9 0.6 0.0 
5.0 4.1 0.6 0.0 
26.6 43.5 17.0 21.1 
12.2 10.6 10.6 6.9 
0.6 0.9 5.8 0.0 
26.9 14.4 14.2 9.2 
2.5 3.1 5.0 0.0 
0.0 8.1 38.1 58.9 
6.5 
0.0 
1.2 
3.8 
0.6 
23.6 
4.7 
1.1 
8.2 
0.6 
49.7 
TABLE 10. Communrty composition (%) from 0.5-17 m for the atoll reef 
at Alacranes, Mexico, as determined by analysis of photographs of line 
transects. DFR = deep fore reef; N = transect; S = south transect 
Location Shallow Fore Reef 
D th O.Sm O.Sm N-3m S-3m N-7m S-7m N-10m S-10m 
Bottom Type 
Scleractinian Corals 0.0 0.1 12.4 6.4 13.0 8.5 10.3 19.6 
Soft Corals 0.0 2.3 4.2 30.8 7.0 20.8 0.0 2.5 
Hydro ids 9.3 3.9 0.8 3.0 0.1 2.2 0.0 0.8 
Anemones 34.5 39.3 1.8 0.7 0.6 0.0 0.0 0.0 
Boring Sponges 0.0 0.0 0.4 2.3 0.6 6.3 0.1 5.1 
Macro Algae 0.0 0.0 3.2 3.6 1.9 2.5 0.7 0.3 
Filamentous Algae 0.0 0.0 0.5 1.5 0.4 0.2 4.0 2.6 
Halimeda 6.4 0.4 0.6 0.0 0.0 0.2 0.0 0.0 
Coralline Algae 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 
Gypsina 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 
Rock & Rubble 49.8 52.3 33.4 37.0 46.5 38.7 66.7 47.8 
Loose Sediment 0.0 1.6 42.7 14.6 29.8 20.8 18.1 21.1 
4.6 
0.0 
0.0 
6.3 
0.9 
18.0 
16.6 
1.4 
11.7 
5.7 
34.9 
11m 
11.2 
21.7 
1.0 
0.0 
0.7 
4.3 
5.9 
6.0 
0.0 
0.0 
27.4 
21.9 
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DFR 
17m 
47.5 
0.1 
0.0 
0.0 
1.1 
2.3 
2.6 
0.8 
0.2 
0.3 
37.3 
7.9 
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Liddell (1988), Ohlhorst et al. (1988). Reef community composition data (Tables 
9-10) were later analyzed by cluster analysis to determine whether depth 
zonations exist within the reef system. 
Constituent-Particle Analysis. Sediment samples were impregnated with 
commercial casting resin. The impregnated samples were thin-sectioned for 
subsequent petrographic analysis using conventional petrographic microscopes. 
Only the coarse-grained fraction of the sample (> 2 phi) was embedded and 
thin-sectioned , since the identity of organisms smaller than 2 phi cannot be 
resolved consistently with conventional petrographic microscopes. 
Each thin-section was point-counted using standard techniques . 
Rarefaction analysis (Hurlbert 1971) was used to determine when an adequate 
number of points had been counted. In this study, it was determined that 
between 250-300 points were necessary to adequately describe each sediment 
sample (Fig. 18). The results of constituent-particle analysis are presented in 
Tables 11-14. 
Grain-Size Analysis. Standard sieve analysis was employed to determine 
gross textural characteristics of a subset of the samples collected. Two or more 
samples were selected from the back reef and at least one sample was chosen 
from each depth interval on the fore reef. Duplicate samples (i.e., one spur 
sample and one groove sample) were selected from individual depth zones 
when samples from both spur and groove locations were available. The 
samples were loaded into a stack of standard sieves and analyzed by dry 
sieving between -2 and +4 phi, at 1/2 phi intervals. Approximately 40-100 gm 
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Fig. 18. Rarefaction curves for Chinchorro and Alacranes for cumulative thin-
section point-counts. Sample locations: BR= back reef; SFR = shallow fore reef; 
DFR = Deep fore reef. 
TABLE 11. Mean constijuent composition(%) for back reef sediments, Chinchorro, Mexico, 
determined by thin-section point counts. Each percent represents the mean of two samples. 
Back reef Halimeda= shallow water Halimeda suije · 
LOCATION BACK REEF 
DEPTH* BCH E0.5m E0.5m W2m W2m W3m E4m W5m 
SAMPLE SIZE (n) 2 2 2 2 2 2 2 2 
BOlTOM TYPE ** s s s s s s s s 
CONSTITUENTS 
Coral 8.6 12.6 7.6 18.4 0.4 0.8 29.4 8.8 
Halimeda 48.2 58.6 62.0 21.0 82.4 2.8 22.4 43.0 
Coralline Algae 19.2 0.8 14.4 40.8 0.4 0.4 14.2 0.2 
l::iornotcerna 0.0 0.0 0.0 0.0 0.0 0.0 1.4 0.0 
Gypsioa 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 
Miliolina 4.2 11.8 3.4 2.8 2.8 0.4 3.6 2.2 
Texturaliina 1.6 0.6 1.8 1.8 0.4 0.6 1.8 2.8 
Rotaliina 0.6 3.6 1.2 0.4 0.4 0.4 0.2 2.4 
Bivalve 12.2 7.0 6.0 7.2 6.4 1.0 12.0 21.4 
Gastropod 4.2 . 2.6 1.2 2.0 2.6 0.2 2.0 2.0 
Echinoderm 0.2 0.0 0.0 0.8 0.4 0.6 0.0 0.4 
Sponge Spicule 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gorgonian 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.2 
Bryzoan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pellets 0.2 0.8 0.4 0.8 2.4 92.6 7.9 13.6 
Cryptocrystalli ne 0.0 1.0 0.8 1.4 0.4 0.2 3.8 1.0 
Unidentified 0.8 0.6 1.2 0.8 1.0 0.0 1.3 2.0 
E6m 
2 
s 
29.8 
27.8 
4.6 
0.0 
0.2 
6.8 
1.6 
0.4 
14.8 
1.2 
1.4 
0.0 
0.0 
0.0 
5.8 
4.4 
1.2 
* BACK REEF DEPTH VARIES FROM 0-6 m; BCH = BEACH; E = EAST LAGOON; W = WEST LAGOON 
** BOlTOM TYPE REFERS TO BOTIOM SUBSTRATE: R = REEF FRAMEWORK; S = UNSTABLE SAND 
BRC3 
2 
s 
48.2 
14.0 
15.4 
0.6 
1.2 
4.6 
1.0 
0.4 
8.4 
0.8 
1.6 
0.0 
1.0 
0.0 
0.6 
1.0 
1.2 
U'I 
U'I 
TABLE 12. Mean constituent composition (%) for shallow and deep fore reef sediments, 
Chinchorro, Mexico, determined by thin-section point counts. Each percent represents the 
mean of two samples. Fore reef Halimeda = deep water Halimeda suite 
LOCATION SHALLOW FORE REEF DEEP FORE REEF 
DEPTH 2m 5m 10 m 15m 15m 22m 22m 28m 
SAMPLE SIZE ln) 2 2 2 2 2 2 2 2 
BOTIOMTYPE* s s s s R s R R 
CONSTITUENTS 
Coral 57.8 63.2 28.7 61.0 48.1 51.2 48.0 38.4 
Halimeda 0.0 2.2 51.3 7.0 10.4 28.2 24.8 31.0 
Coralline Algae 23.8 15.4 7.4 15.8 16.5 8.2 7.2 7.4 
HQmQtr~ma 2.0 0.0 2.3 0.0 0.2 0.0 0.0 0.2 
Gypsina 0.0 0.2 0.2 0.8 1.4 0.6 1.0 0.8 
Miliolina 1.4 1.2 0.8 1.0 2.4 0.8 3.6 3.6 
Texturaliina 0.8 0.8 0.2 0.6 0.2 1.6 1.0 3.0 
Rotaliina 0.2 0.0 0.0 0.2 0.4 0.2 0.0 0.4 
Bivalve 11.6 10.8 1.6 8.0 11.2 4.0 6.8 9.4 
Gastropod 0.2 0.0 0.0 0.2 3.1 0.4 0.2 0.4 
Echinoderm 0.2 0.8 0.9 0.6 0.6 0.4 1.0 1.2 
Sponge Spicule 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 
Gorgonian 0.0 0.0 0.2 0.8 1.4 0.6 1.8 0.8 
Bryzoan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pellets 1.4 0.4 3.4 1.6 1.5 1.0 1.6 1.0 
Cryptocrystalli ne 0.2 4.4 2.2 1.6 2.2 1.0 1.4 0.6 
Unidentified 0.4 0.6 0.9 0.8 0.5 1.8 1.6 1.6 
28m 
2 
s 
42.4 
35.0 
5.8 
0.0 
0.8 
3.8 
3.0 
0.0 
3.8 
0.4 
0.8 
0.0 
1.2 
0.0 
1.4 
0.2 
1.4 
* BOTIOM TYPE REFERS TO BOTIOM SUBSTRATE: R = REEF FRAMEWORK; S = UNSTABLE SAND 
I U1 a, 
TABLE 13. Mean constituent composition(%) for back reef sediments, Alacranes, Mexico, 
determined by thin-section point counts. Each percent represents the mean of two samples. 
EBCH = east beach; WBCH = west beach; back reef Halimeda= shallow water Halimeda suite 
LOCATION BACK REEF 
DEPTH EBCH WBCH 0.5m E1m 1m W1m 2m 4m 
SAMPLE SIZE (n) 2 2 2 2 2 2 2 2 
BOTIOMTYPE s s s s s s s s 
CONSTITUENTS 
Coral 24.4 38.6 26.4 18.4 26.8 27.2 50.6 27.6 
Halimeda 41.8 38.6 50.8 44.8 33.8 39.6 22.0 47.0 
Coralline Algae 9.0 5.8 7.0 13.2 10.6 8.0 5.4 2.6 
HQmotrema 0.0 0.0 0.0 0.8 0.6 0.0 0.0 0.0 
Gypsioa 0.2 0.0 0.0 0.0 0.0 0.4 0.2 0.2 
Miliolina 11.2 4.8 2.8 8.2 13.2 7.2 7.8 8.6 
T exturaliina 0.6 0.0 1.2 0.8 1.4 2.8 0.6 1.2 
Rotaliina 0.6 0.8 1.0 0.0 0.6 0.4 0.2 0.4 
Bivalve 5.2 5.0 5.8 9.4 8.4 9.6 4.8 6.8 
Gastropod 2.4 1.2 2.2 3.0 2.2 3.2 5.8 2.2 
Echinoderm 1.8 1.4 0.4 0.2 0.2 0.0 0.6 1.0 
Gorgonian 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.2 
Sponge Spicule 0.2 0.4 0.4 0.2 0.0 0.0 0.2 0.4 
Bryzoan 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 
Pellet 0.0 0.0 0.0 0.2 0.4 0.0 0.0 0.0 
Cryptocrystalli ne 0.8 1.6 1.4 0.2 0.2 0.0 0.6 0.0 
Unidentified 1.6 1.8 0.6 0.6 1.6 0.8 1.2 1.8 
5m 
2 
s 
19.8 
55.6 
12.0 
0.0 
1.6 
2.6 
2.2 
0.0 
2.8 
1.8 
1.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.6 
BOTIOM TYPE REFERS TO BOTIOM SUBSTRATE: R = REEF FRAMEWORK; S = UNSTABLE SAND 
u, 
........ 
TABLE 14. Mean constituent composition (%) for shallow and deep 
fore reef sediments, Alacranes, Mexico, as determined by thin-section 
point counts. Each percent represents the mean of two samples. Fore reef 
Halimeda = deep water Halimeda suite 
LOCATION SHALLOW FORE REEF DEEP FORE REE 
DEPTH 3m 7m 10m 11 m 11 m 17m 17m 
SAMPLE SIZE <n) 2 2 2 2 2 2 2 
BOTIOMTYPE s s s s s s s 
CONSTITUENTS 
Coral 64.2 56.6 61.2 53.8 32.0 32.6 50.2 
Halimeda 8.4 28.2 10.0 20.4 40.2 47.0 26.8 
Coralline Algae 13.8 4.8 13.6 9.4 11.4 6.2 10.0 
Homotrema 1.0 0.2 0.2 0.0 0.0 0.0 1.6 
Gypsioa 0.4 0.4 0.0 0.4 0.0 0.0 0.0 
Miliolina 1.4 0.2 1.8 2.8 5.0 1.6 1.4 
Texturaliina 0.2 0.8 0.6 0.2 1.4 0.4 1.0 
Rotaliina 0.0 0.0 0.2 0.4 0.2 0.0 0.0 
Bivalve 6.2 5.0 7.0 6.8 6.0 5.3 5.6 
Gastropod 0.8 1.4 2.0 2.6 1.6 4.6 1.8 
Echinoderm 2.2 0.8 1.0 1.4 0.8 0.4 0.6 
Gorgonian 0.0 0.0 0.0 0.2 0.0 0.0 0.0 
Sponge Spicule 0.0 0.0 0.0 0.8 0.6 0.4 0.2 
Bryzoan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pellet 0.4 0.6 1.0 0.0 0.2 0.0 0.2 
Cryptocrystalline 0.2 1.0 0.4 0.4 0.2 0.2 0.2 
Unidentified 0.8 0.0 1.0 0.4 0.4 1.3 0.4 
BOTIOM TYPE REFERS TO BOTIOM SUBSTRATE: S = UNSTABLE SAND 
C1I 
Q) 
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of sediment were sieved per sample. The contents of each sieve were weighed 
to 0.01 gm with an electronic balance. Grain-size weight-percent data gathered 
from sieve analysis were used to construct frequency histograms (Figs. 19-21 ). 
Cumulative-frequency curves were plotted on probability graph paper and used 
to determine mean grain size and sorting (Mz; Folk and Ward 1957). Tables 15-
17 present the results of grain-size analyses. 
Mineralogy and Insoluble-Residue Analysis. Quantitative X-ray analysis 
was performed to determine the bulk carbonate mineralogy of the sediment. X-
ray analyses were completed with a Siemens X-ray diffractometer at 30 kv and 
16 ma using Ni-filtered Cu K-alpha radiation (1.54A). 
Standards were prepared containing known weight percentages of 
aragonite , low-Mg calcite, and high-Mg calcite. For this study a recent 
scleractinian coral was used as the source of aragonite, coralline algae as a 
source of high-Mg calcite , and Iceland spar calcite as a source of low-Mg calcite . 
Various weights of the materials were combined to construct standards of 
known weight percentage. Each standard sample was thoroughly mixed to 
ensure homogeneity. Small portions of each standard (0.02 gm) were placed 
on a petroleum-jelly coated glass slide and analyzed between 25° and 32° 2 
theta at an interval of 0.02° with a 0.7-second step time. Each standard was 
analyzed four times by this method, and was rotated 90° between each analysis. 
The average net area beneath each peak was later calculated using an 
integration routine within the X-ray diffraction software package (Theta-XRD). 
Net areas beneath appropriate peaks on diffraction curves were later used to 
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Fig. 19. Frequency histograms for Chinchorro samples from the back reef (0-4 
m) and shallow fore reef (2-5 m) which illustrate the size distributions from sieve 
analysis. 
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Fig. 20. Frequency histograms for Chinchorro samples from the shallow fore reef 
(10-15 m) and deep fore reef (22-28 m) which illustrate the size distributions 
from sieve analysis. 
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Fig. 21. Frequency histograms for Alacranes samples from the back reef, 
shallow fore reef (3-7 m), and deep fore reef (17 m) which illustrate the size 
distributions from sieve analysis. 
TABLE 15. Grain-size frequencies, mean grain size, and sorting 
(Folk and Ward 1957) for sediment samples collected 
from the back reef, Chinchorro, Mexico 
LOCATION BACK REEF 
SAMPLE C029 C049 C044 C026 
DEPTH BEACH 2m 3m 4m 
BOTTOM 1YPE * s s s s 
GRAIN SIZE 
(!) mm 
-2 4.000 14.07 0.51 0.00 2.76 
-1.5 2.830 4.70 2.00 0.00 0.90 
-1 2.000 6.87 3.90 0.28 1.91 
-0.5 1.410 14.55 9.42 1.37 3.39 
0 1.000 17.66 13.38 2.74 9.23 
0.5 0.710 8.89 13.71 5.26 16.09 
1 0.500 6.84 18.15 12.76 20.85 
1.5 0.350 4.69 15.34 30.14 17.77 
2 0.250 3.13 9.92 31.25 12.71 
2.5 0.177 4.07 6.14 30.14 6.50 
3 0.125 6.44 3.22 12.82 1.96 
3.5 0.088 4.75 1.50 2.06 0.99 
4 0.062 1.97 1.18 0.63 1.25 
>4 <0.062 0.87 0.83 0.69 3.65 
GRAPHIC MEASURES 
MEAN GRAIN SIZE ~ 0.08 0.83 0.75 0.75 
SORTING 1.94 1.18 0.78 1.26 
* Bottom type refers to bottom substrate: S = Unstable Sand 
a, 
w 
TABLE 16. Grain-size frequencies, mean grain size, and sorting (Folk and Ward 1957) for 
sediment samples collected from the fore reef, Chinchorro, Mexico 
LOCATION SHALLOW FORE REEF 
SAMPLE C027 C010 C015 C02 C01 C07 
DEPTH 2m 5m 10m 15m 15m 22m 
BOTTOM lYPE * s s s R s R 
GRAIN SIZE 
4> mm 
-2 4.000 25.58 0.00 0.00 4.59 0.00 5.37 
-1.5 2.830 15.25 0.32 1.15 1.79 3.24 1.47 
-1 2.000 19.19 0.58 3.57 2.45 1.62 3.82 
-0.5 1.410 20.88 3.07 21.06 3.85 3.70 7.17 
0 1.000 14.66 19.85 19.67 8.80 17.26 12.36 
0.5 0.710 3.56 45.88 16.41 18.45 38.80 17.16 
1 0.500 0.59 26.24 16.59 28.93 29.24 21.55 
1.5 0.350 0.15 3.70 11.05 19.72 5.33 15.57 
2 0.250 0.04 0.27 5.71 7.39 0.62 7.84 
2.5 0.177 0.02 0.03 2.85 2.57 0.12 4.06 
3 0.125 0.00 0.01 1.14 0.76 0.02 1.73 
3.5 0.088 0.00 0.01 0.28 0.25 0.01 0.70 
4 0.062 0.00 0.00 0.19 0.13 0.01 0.36 
>4 <0.062 0.00 0.00 0.15 0.19 0.01 0.41 
GRAPHIC MEASURES 
MEAN GRAIN SIZE ~ -1.08 0.25 0.25 0.66 0.25 0.50 
SORTING 1.20 0.48 0.95 1.01 0.75 1.14 
* Bottom type refers to bottom substrate: R = Reef Framework; S = Unstable Sand 
DEEP FORE REEF 
COG C014 C012 
22m 28m 28m 
s R s 
1.40 1.28 2.81 
0.82 1.36 1.72 
1.80 2.65 3.22 
5.98 5.44 6.71 
13.45 7.26 11.37 
22.16 10.02 14.08 
28.65 15.75 18.88 
16.84 17.64 16.84 
5.86 14.24 11.50 
2.08 11.18 6.90 
0.58 6.81 3.36 
0.21 3.23 1.35 
0.08 1.69 0.59 
___ Q.06 1.55 0.53 
0.50 1.25 0.66 
0.79 1.26 1.16 
en 
~ 
TABLE 17. Grain-size frequencies, mean grain size, and sorting (Folk and Ward, 1957) for 
individual sediment samples collected from the back reef and fore reef, Alacranes, Mexico 
LOCATION BACK REEF SHALLOW FORE REEF 
SAMPLE AL329 AL314 AL311 AL324 AL313 AL321 AL305 
DEPTH BEACH BEACH 0.5m 3m 3m 7m 10m 
BOTTOM 1YPE * s s s s s s s 
GRAIN SIZE 
~ mm 
-2 4.000 0.00 1.68 3.40 4.82 1.51 22.71 11.27 
-1.5 2.830 0.79 1.86 2.68 1.54 1.40 5.36 2.45 
-1 2.000 0.84 4.58 7.26 4.38 2.75 8.70 4.86 
-0.5 1.410 1.61 8.33 8.65 12.70 3.82 12.54 10.56 
0 1.000 1.59 13.24 8.27 26.43 3.59 12.89 18.76 
0.5 0.710 1.53 16.13 8.02 29.33 3.07 11.10 20.21 
1 0.500 2.09 22.65 9.54 17.50 3.65 10.60 19.02 
1.5 0.350 3.24 15.32 11.36 2.72 5.52 7.57 8.41 
2 0.250 7.69 8.17 11.68 0.33 15.44 3.93 2.72 
2.5 0.177 26.63 5.38 12.62 0.09 37.71 2.28 1.02 
3 0.125 42.82 1.55 11.49 0.05 19.22 1.12 0.31 
3.5 0.088 10.28 0.42 4.42 0.04 2.09 0.53 0.12 
4 0.062 0.63 0.26 0.45 0.02 0.22 0.37 0.07 
>4 <().062 0.25 0.42 0.16 0.04 0.00 0.30 0.09 
GRAPHIC MEASURES 
MEAN GRAIN SIZE~ 2.42 0.50 0.92 1.66 0.42 -0.66 -0.17 
SORTING 0.80 1.03 1.59 1.06 0.73 1.78 1.10 
* Bottom type refers to bottom substrate: R = Reef Framework; S = Unstable Sand 
DEEP FORE REEF 
AL323 AL318 AL310 
11 m 17m 17m 
s s s 
8.13 0.85 3.09 
6.77 1.80 3.08 
11.37 4.65 4.00 
17.34 16.91 10.34 
17.31 19.75 14.76 
12.72 17.66 17.28 
11.89 21.08 25.79 
8.16 11.88 16.01 
3.60 3.94 4.37 
1.65 1.07 0.94 
0.56 0.21 0.18 
0.20 0.07 0.04 
0.10 0.02 0.02 
0.18 0.09 0.07 
-0.33 0.17 0.33 
1.22 0.85 0.92 
en 
U1 
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construct graphs which plot the net areas under each mineral's diffraction curve 
versus the weight percent aragonite, low-Mg calcite, and high-Mg calcite in the 
standard (Fig. 7). Subsets of the bulk sediment samples were mechanically 
quartered to reduce the total sample size to approximately 10 grams of 
sediment. The samples included all size fractions present within the bulk 
samples. These samples were prepared and analyzed in the same manner as 
the standards. The net areas beneath the diffraction curves for the samples 
were calculated and matched to the calibration curves to determine the 
percentages of aragonite, high-Mg calcite, and low-Mg calcite in the sample. 
It is important to note that estimates of mineralogy-percentage (aragonite, 
low-Mg calcite, and high Mg-calcite), based on point-count data, will be slightly 
different from values obtained from X-ray diffraction, since the point-counted 
slides did not contain the finer sediment fractions (< 2 phi). However, 
mineralogy estimations from point-count data do provide a measure of the 
accuracy of the quantitative X-ray methodology. 
Siliciclastic/carbonate ratios were determined from a third portion of the 
bulk samples by placing the pre-weighed samples in glass beakers and 
dissolving the carbonate components in 20% hydrochloric acid. Following the 
dissolution of the carbonate fraction, the acid/water solution was siphoned off 
and passed through a Buchner funnel equipped with a pre-weighed No. 1 
Whatman paper filter. The paper filter was dried in an oven at 100° C and 
weighed to determine what portion, if any, of the insoluble fraction was removed 
with the acid/water solution. A small but significant portion of the insoluble 
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material remained suspended in the acid/water solution and was subsequently 
removed during siphoning. Therefore, failure to filter and eventually weigh the 
insoluble material contained in the supernatant would lead to an underestimation 
of the insoluble fraction in the sediment. The insoluble material in the beaker 
was then rinsed with distilled water and allowed to settle for twelve hours. The 
fluid was siphoned off and filtered and weighed by the aforementioned method. 
Each sample was washed with distilled water three times to remove the 
dissolved carbonate ions as well as unused acid. The remaining residue was 
dried and weighed to determine the relative proportions of carbonate and non-
carbonates in the samples. 
The gross insoluble fraction of each sample was heated in an oven at 
450° C for eight to twelve hours, until a constant weight was achieved, to 
destroy (ash) the organic fraction of the insoluble material in each sample. Each 
sample was cooled in a desiccator and weighed to determine the proportions of 
organic and inorganic insoluble material. At least one insoluble residue sample 
from each site was analyzed by X-ray diffraction following methods previously 
described. 
Lithofacies and Biofacies. A computer-based program of hierarchical 
cluster analysis (MVSP Plus Version 2.0a) was utilized (Kovach 1990) to 
examine quantitatively the constituent-particle data. Q-mode cluster analysis 
was selected to assist in delineating associations among samples which could 
not be determined using conventional statistical methods. For this study, 
individual percentages of each grain type for the samples were analyzed using 
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the Standardized Euclidean Distance measure. The Unweighted Pair-Group 
method with simple Arithmetic Averages (UPGMA) was chosen as the clustering 
method due to its conventional use in similar studies. The Euclidean Distance 
measures the distance between the individuals (samples) i and i defined by: 
where sdk = standard deviation of all elements of k. 
The UPGMA measures the average distance between all pairs of individuals 
(samples) in each of the clusters. Separate runs of the clustering program were 
conducted on constituent-particle composition data sets for each atoll site and 
data for the atoll sites combined . 
RESULTS 
Constituent-Particle Composition 
Thin-section study of the samples indicated that the major components 
of the sediment are highly comminuted fragments of coral (0.4% - 64.2%), plates 
of the calcareous green alga, Halimeda (0.0% - 82.4%), coralline algae (0.2% -
40.8%), milioline Foraminifera (0.2% - 13.2%), the encrusting Foraminiferan, 
Homotrema rubrum (0.0% - 2.3%), bivalves (1.0% - 21.4%), and lesser amounts 
of other taxonomic groups (echinoderms, 0.0% - 2.2%, molluscs, 0.0% - 5.8%, 
and other Foraminifera (Tables 11-14). 
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Texture 
Sieve analysis of the samples from Alacranes and Chinchorro reveals that 
the averages of the mean grain-sizes for each site are 0.59 and 0.71 mm 
respectively, which falls in the coarse sand size range. Fore reef sediments 
collected at the Banco Chinchorro exhibit an increase in mean phi size with 
depth (R2 = 0.64) (Fig. 22). Sediments from Alacranes exhibits no discernable 
depth-related trends. Chinchorro sediments become progressively poorer sorted 
with increasing depth (R2 = 0.63), while sediment from Alacranes exhibits no 
discernable depth-related variation in sorting (Fig. 22). These bathymetric trends 
are not significant, however (Spearman Rank Correlation, at p<0.05). 
Mineralogy and Insoluble-Residue Composition 
Atoll reef sediments are predominantly composed of aragonite (63-90%) 
with lesser amounts of high-Mg calcite (5-33%) and low-Mg calcite (3-9%) (Table 
18). None of the three mineral phases exhibit a correlation between depth and 
mineralogy (Spearman Rank Correlation, at p<0.05) . 
The total calcium carbonate fraction of back reef sediments from 
Chinchorro averages 98.43%, insoluble organics average 1.25%, and inorganic 
insolubles average 0.33% (Table 19). The total calcium carbonate fraction of 
back reef sediments from Alacranes averages 99.67%, insoluble organics 
average 0.28%, and inorganic insolubles average 0.05%. Fore reef sediments 
from Chinchorro contain an average calcium carbonate fraction of 99.55%, 
insoluble organics average 0.54%, and inorganic insolubles average 0.24%. 
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Fig. 22. Plot of mean grain size versus depth and sorting versus depth for 
sediments from the fore reef of Chinchorro and Alacranes. Data include 
samples from adjacent reef lobes and sand channels where available. 
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TABLE 18. Mineralogical composition (weight%) of Mexican atoll 
reef sediments 
CHINCHORRO 
%Low-Mg %High-Mg 
LocatiQn Sample Depth % AragQntte CalQtte CalQtte 
Back reef C036 2m 66 6 28 
C024 6m 88 4 8 
Mean: 77 5 18 
Shallow fore C028 2m 63 4 33 
reef C010 Sm 67 5 28 
C09 10m 85 4 11 
C04 15m 82 4 14 
Mean: 74 4 22 
Deep fore 
reef C07 22m 78 4 18 
C016 28m 77 9 14 
Mean: 77 7 16 
ALACRANES 
%Low-Mg % High-Mg 
Location SamQle DeQth % Aragonite Calcite Calcite 
Back reef AL311 O.Sm 89 5 6 
AL324 4m 90 5 5 
Mean: 89 5 6 
Shallow fore AL306 3m 85 4 11 
reef AL321 7m 88 4 8 
AL333 11m 87 4 9 
Mean: 87 4 9 
Deep fore AL309 17m 89 3 8 
reef 
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TABLE 19. Weight-percent insoluble fraction and total CaC0 3 in back reef 
and fore reef sediments from Chinchorro and Alacranes, Mexico. 
BR = Back reef; NS = near shore 
LOCATION-CHINCHORRO 
BACK REEF 
DEPTH 
BRNS-0.Sm 
BR-0.5 m 
BR-2m 
BR-2m 
BR-3m 
MEAN 
MEDIAN 
FORE REEF 
DEPTH 
Sm 
22m 
28m 
MEAN 
MEDIAN 
SAMPLE 
C033 
C031 
C023 
C044 
coso 
C011 
C08 
C016 
LOCATION-ALACRANES 
BACK REEF 
DEPTH SAMPLE 
BRNS-0.Sm AL301 
BR-4m AL325 
BR-Sm AL301 
MEAN 
MEDIAN 
FORE REEF 
DEPTH 
Sm AL306 
10m AL307 
11 m AL333 
17m AL309 
MEAN 
MEDIAN 
%CaCO 
97.75 
96.32 
99.19 
99.73 
99.18 
98.43 
99.32 
99.55 
98.49 
99.61 
99.55 
99.55 
01s,caQO 
99.67 
99.64 
99.70 
99.67 
99.67 
99.78 
99.38 
99.83 
99.80 
99.70 
99.79 
%INORGANIC 
INSOLUBLE 
0.66 
0.52 
0.33 
0.00 
0.13 
0.33 
0.33 
0.17 
0.54 
0.01 
0.24 
0.17 
%INORGANIC 
INSOLUBLE 
0.03 
0.04 
0.07 
0.05 
0.04 
0.00 
0.00 
0.00 
0.06 
0.02 
0.00 
%ORGANIC 
INSOLUBLE 
1.59 
3.16 
0.48 
0.27 
0.69 
1.25 
0.69 
0.28 
0.97 
0.38 
0.54 
0.38 
%ORGANIC 
INSOLUBLE 
0.30 
0.32 
0.23 
0.28 
0.30 
0.22 
0.62 
0.17 
0.14 
0.28 
0.20 
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Fore reef sediments from Alacranes contain an average calcium carbonate 
fraction of 99. 70%, insoluble organics average 0.28%, and inorganic insolubles 
average 0.02%. X-ray diffraction of the inorganic insoluble fraction of the 
sediments indicates the presence of anhydrite and quartz . 
Lithofacies and Biofacies 
Q-mode cluster analysis of epireefal sediments produced the 
dendrograms illustrated in Figures 23 and 24. Three well-defined groupings are 
represented which reflect variations in the composition of the back reef, shallow 
fore reef, and deep fore reef facies in Chinchorro and Alacranes sediments. 
Sediments from Alacranes produce a dendrogram with less distinctive groupings. 
The dendrograms produced from Q-mode cluster analysis of reef biota (Fig. 25), 
which cover a similar bathymetric range, also produce distinctive groupings 
which generally correlate with the depth zonations observed in the reef 
sediments . Cluster analysis of combined data from Chinchorro and Alacranes 
produced a dendrogram which is strikingly similar to those of the individual sites 
(Fig. 26). 
DISCUSSION 
Constituent-Particle Composition 
Rarefaction curves created from thin-section point count data indicate that 
approximately 250-300 points must be counted on each slide to adequately 
describe the constituent composition of the sediments (Figure 18). Previous 
researchers have found that variation in the abundances of major sediment 
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40 60 80 100 
EUCLIDEAN DISTANCE 
Fig. 23. Cluster dendrogram based upon analysis of Chi:1chorro sediment 
constituent-particle composition which illustrates the genetic relationship between 
sediment composition and reef environment. Constructed from data in Tables 
11-12. Sample codes: 22s = fore reef sample, depth 22 meters, bottom type s 
= sand, r = reef framework; 3BRC = back reef crest, depth 3 meters; 6EL = 
back reef, E = East lagoon, W = West lagoon, depth 6 meters; BCH = back reef 
beach. 
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Fig. 24. Cluster dendrogram based upon analysis of Alacranes sediment 
constituent-particle composition which illustrates the genetic relationship between 
sediment composition and reef environment. Constructed from data in Table 13-
14. Sample codes: 11 s = fore reef sample, depth 11 meters, bottom type s = 
sand; 1 L back reef, depth 1 meters; BCH = back reef beach. 
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Fig. 25. Cluster dendrogram based upon analysis of reef biotic composition at 
A: Chinchorro, Mexico, and B: Alacranes, Mexico, constructed from data from 
photo transects (Tables 9-10). Sampling depths indicated in meters. 
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Fig. 26. Cluster dendrogram based upon analysis of combined atoll reef 
sediment (Chinchorro and Alacranes) constituent-particle composition which 
illustrates the genetic relationship between sediment composition and reef 
environment. Constructed using data in Table 11-14. Sample codes: C0-22 = 
sample location CO = Chinchorro fore reef, AL = Alacranes fore reef, 22 = 
sample depth (meters); BRC3 = back reef crest, depth 3 meters; LS= back reef, 
depth 5 meters; BCH = back reef beach. 
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constituents are related directly to the presence of sediment-producing 
organisms living on the reef at a particular depth interval (Boss and Liddell 
1987). Coral fragments clearly constitute the largest proportion of the sediment 
from Alacranes and Chinchorro, and similarly dominate the biotic community. 
A comparison of the percentage of coral fragments in the sediment versus the 
percentage of living coral cover across the various reef zones indicates a direct 
relationship between sediment composition and the biotic community (Figures 
27 and 28). The amount of Halimeda plates and fragments present in the 
sediments is also well reflected by the presence of living Halimeda at each 
particular reef. However, these bathymetric trends are not significant (Spearman 
Rank Correlation, at p,0.05). 
Approximately 5-10 % of the sediment from Alacranes is composed of 
coralline algae fragments . However, virtually no coralline algae was observed 
on photo transects (< 1 %). It is certain that live coralline algae are present on 
the reef. However, macro algae may cover the encrusting coralline algae, which 
leads to an under-representation of the actual percentage of coralline algae 
living on the reef. 
Texture 
Grain-size analysis of reef sediments shows only modest correlation 
between mean grain size and depth (R2 = 0.03 - 0.64) and between sorting and 
depth (R2 = 0.05 - 0.63), and these bathymetric trends are not significant 
(Spearman Rank Correlation, at p,0.05). The compositional similarities between 
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Fig. 27. Spindle (kite) diagram which shows the abundance of major sediment 
constituents at each sampled depth at Chinchorro, Mexico, and the relative 
proportions of major biotic groups as determined from photo transect data. 
Sediment sampling sites and depths indicated on reef profile at top. 
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constituents at each sampled depth at Alacranes, Mexico, and the relative 
proportions of major biotic groups as determined from photo transect data. 
Sediment sampling sites and depths indicated by reef profile at top. 
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fore reef sediments collected on reef lobes and in reef channels, observed by 
other researchers (Boss and Liddell 1987), was also found in the present study. 
This was taken to indicate the absence of sufficiently competent sand-transport 
mechanisms under modal wind, wave, and tide conditions. Although significant 
wave surge was observed within the reef channels, the dominant process within 
the area of wave turbulence appears to be the winnowing of fines that increases 
sorting in shallow fore reef sediments. No indication of significant off-reef 
transport was found in the present study. 
Boss and Liddell (1987) found that data gathered by traditional particle-
analysis techniques employed in studies of siliciclastic rocks were of only limited 
value in the carbonate depositional environment. This is due in part to the in 
situ generation of sediment grains, which occurs at all depths on the reef. 
Inhomogeneities in the hydraulic characteristics of the various sediment 
constituents also make tenuous conclusions about sediment transport based on 
clast size. 
Mineralogy and Insoluble-Residue Composition 
The carbonate mineralogical content of the sediments representing all 
depths sampled is shown in Table 19. Aragonite, the predominant form of 
CaC0 3 , ranges from 66-90%, with no depth-related variation. High-Mg calcite 
and low-Mg calcite also fail to exhibit any discernable depth-related variation. 
Significant variations (chi-square p<0.05) in mineralogical content are observed 
within Chinchorro reef sediments from different depths. However, no clear 
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depth- or environment-related trends are noted. Reef sediment mineralogy from 
different depths at Alacranes were found not to be significantly different (chi-
square p<0.05). 
Sediment insoluble residue content reaches the highest level in the back 
reef sediments. Chi-square testing (p<0.05) of insoluble-residue content vs 
depth indicates that insoluble-residue content values for samples collected 
across the depth range of 0-28 m are significantly different. Chi-square tests 
indicate that back reef and shallow fore reef sediments are significantly different 
(p<0.05) from deep fore reef sediments, which may allow the separation of 
shallow and deep water facies, based on insoluble-residue content. 
X-ray diffraction of the inorganic insoluble fraction of the sediments 
revealed the presence of quartz and anhydrite. No definite explanation for the 
presence of the anhydrite is available , although it is probably an artifact of the 
analytical procedures used to remove the organic component of the insoluble 
material. 
Lithofacies and Biofacies 
Q-mode cluster analysis of constituent -particle data has shown that 
Holocene epireefal sediments display variability in biotic composition which is 
related to the community structure of the different reef zones. The clustering of 
sediment samples from adjacent sand channels and reef interstices, at similar 
depths, indicates that little differential off-reef transport is occurring on the fore 
reef at least to a depth of approximately 28 m. 
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Initial cluster analysis of sediment-constituent data produced dendrograms 
which grouped some shallow fore reef samples with back reef samples. An 
examination of the constituent composition of these sediments and the 
percentages of individual grain types within the samples indicated that an 
unusually high percentage of Halimeda was present at both locations. Further 
inspection of Halimeda grain types allowed the delineation of deep-water (fore 
reef) and shallow-water (back reef) Halimeda suites based on Halimeda plate 
morphology. The deep-water Halimeda species plates were observed to be 
large, thin, and platy, whereas shallow-water Halimeda species plates are much 
smaller, thicker, and sturdier. Similar measures were employed in a previous 
study (Boss and Liddell 1987) to resolve the clustering of back reef and fore reef 
samples together. 
Some back reef samples continued to group with the fore reef clusters 
after the separation of shallow and deep water Halimeda suites. It is believed 
that some back reef samples receive sediment input from patch reefs which are 
found in the back reef environment. The patch reefs contain sediment 
producing biota similar to those found on the fore reef, which may alter the 
composition of back reef sediments in localized areas. 
The inclusion of back reef crest samples in the shallow fore reef clusters 
is thought to be the result of transport of shallow fore reef sediments over the 
reef crest. However, it may indicate that the back reef environment, immediately 
leeward of the reef crest, is similar to the shallow fore reef environment. 
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CONCLUSIONS 
Quantitative analysis of Holocene carbonate sediments from atoll reefs 
off the Caribbean and Gulf coasts of the Yucatan Peninsula, Mexico delineates 
reef zonations based on constituent composition. Mineralogical content and 
grain-size characteristics fail to produce clear depth- or environmental-related 
associations and thus are not useful for defining reef facies . 
Q-mode cluster analysis of epireefal sediments separates lagoon, shallow 
reef (<10-15 m), and deep reef (>10-15 m) lithofacies at all study sites. Cluster 
analysis of combined data from Chinchorro and Alacranes produced 
dendrograms which are strikingly similar to those of the individual sites (Fig. 25). 
Similar depths were clustered together to yield the same three facies observed 
in cluster runs for the individual sites (i.e., back reef, shallow fore reef, and deep 
fore reef facies). The similarity of the distributions of sediment allochems and 
sediment -producing organisms in the present study suggests that reef 
community structure, at least for calcifying organisms, is potentially preservable. 
Future research should test this association at different localities and in different 
geomorphic environments . 
CHAPTER IV 
SUMMARY 
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Quantitative analysis of Holocene carbonate sediments from Mexican 
reefs in the Caribbean and Gulf of Mexico delineated reef zonations based on 
constituent-composition. Q-mode cluster analysis of epireefal sediments 
separated lagoon, shallow reef ( <10-15 m), and deep reef (> 10-15 m) lithofacies 
at all study sites. Cluster analysis of combined data from Akumal and Chemuyil 
produced dendrograms which are strikingly similar to those of the individual sites 
(Fig. 12). Similar depths were clustered together to yield the same three facies 
observed in cluster runs for the individual sites (i.e., back reef, shallow fore reef, 
and deep fore reef facies) . Cluster analysis of combined data from Mexican 
barrier and Jamaican fringing reefs produced dendrograms which contained 
depth-related cluster groups nearly identical to those observed at the individual 
study sites (Fig. 13). Further, combined data from Chinchorro and Alacranes 
yielded dendrograms resembling those of the individual sites (Fig. 26). Cluster 
analysis of sediment constituent data from all four Mexican reefs failed to 
produce clear associations and produced cluster dendrograms with much less 
distinctive zonations. This indicates that barrier reef sediments differ significantly 
from the atoll reef sediments, although similar bathymetric breaks between 
lithofacies occur in both geomorphic settings. 
The differences in the constituent-composition of barrier and atoll reef 
sediments are modest. Slight variations in percentages of the different grain 
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constituents are observed between the two reef types. Atoll sediments 
contained slightly higher percentages of coral, Halimeda, and coralline algae 
than their barrier reef counterparts. It is inferred that these variations account 
for the differences in groupings observed in the cluster dendrogram. 
The similarity of the distributions of sediment allochems and sediment-
producing organisms observed in the present study suggests that reef-
community structure, at least for calcifying organisms, is potentially preservable. 
Future research should test this association at different localities, such as lndo-
Pacific reef sites, and in different geomorphic settings (mixed 
carbonate/siliciclastic environments). 
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APPENDICES 
APPENDIX A POINT COUNT DATA FROM DISCOVERY BAY, JAMAICA (Boss and Liddell, 1987) 
EACH VALUE REPRESENTS THE MEAN CONSTITUENT COMPOSmON (%) OF SEDIMENT SAMPLES 
AT 
QEPTH I NSS I 1Jil CSA I Q~ I ~Rm I 8Rm I e:11~ml 11;111~ml 1~m BOTTOMlYPE 
Constituent 
Coral 27.1 51.2 38.2 45.8 62.6 60.3 61.7 63.1 58.8 54.5 56.2 
Halimeda 38.7 16.6 27.2 17.2 0.4 3.6 3.4 3.0 8.2 0.0 6.3 
Coralline algae 16.2 11.7 12.5 13.4 13.5 13.7 11.6 8.4 9.0 5.8 9.3 
Hgmotc~ma 0.7 1.8 2.3 7.8 8.1 8.6 9.2 9.5 6.4 8.3 7.3 
Molluscs 1.7 3.3 1.9 1.8 1.8 1.5 1.3 2.4 3.2 2.5 3.3 
Forams 2.2 4.2 3.6 3.7 1.4 2.7 2.8 2.4 2.4 2.2 3.8 
Echinoids 5.0 2.1 2.8 2.0 1.7 2.0 2.1 3.3 3.6 8.9 3.0 
DEPTH 24m 24m 32m 32m 46m 46m 55m 55m 70m 
BOTTOMlYPE R s R s R s R s R 
Constituent 
Coral 46.2 39.7 44.9 41.6 50.8 44.5 39.9 40.3 30.9 
Halimeda 14.0 25.0 15.0 13.5 15.0 14.2 19.5 18.5 29.2 
Coralline algae 8.7 9.3 9.3 14.3 4.7 10.7 7.5 10.6 5.3 
Hcmotcema 7.2 3.8 4.3 1.9 2.0 1.6 2.7 2.6 1.1 
Molluscs 2.9 4.5 3.5 4.6 3.2 5.5 4.6 4.7 3.4 
Forams 4.5 3.2 5.1 7.0 4.5 3.3 4.3 4.9 3.5 
Echinoids 1.8 0.9 1.8 1.8 1.4 2.1 2.0 1.7 1.6 
* BOTTOM lYPE REFERS TO BOTTOM SUBSTRATE: R = REEF FRAMEWORK; S = UNSTABLE SAND 
NS= NEAR SHORE; TH= THALASSIA BEDS; CA= BACK REEF, CALLIANASSA MOUNDS 
CR= BACK REEF NEAR CREST; FORE REEF ESC = FORE REEF ESCARPMENT; DFR = DEEP FORE REEF co 
N 
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APPENDIX 8. 
THIN-SECTION POINT COUNT DATA FOR MEXICAN SEDIMENTS 
THIN-SECTION POINT COUNT DATA FROM AKUMAL, MEXICO 
EACH VALUE REPRESENTS THE PERCENTAGE OF EACH GRAIN TYPE 
,~) I ~ I Ma I u All I11 ~I %31 A~!! I A~S I ,:1 ~I tfl ~I sfdal 
CORAL 40.7 37.7 44.8 33.7 32.8 34.7 50.4 36.0 ~ .O 41.3 40.4 49.0 
HALJMEOA 18.7 3.0 12.0 27.3 34.8 2.0 1.2 13.0 11.6 5.7 1.2 3 .3 
CORRAUNE ALGAE 5.3 9.0 2.4 4.7 4.4 13.7 12.4 6.3 9.6 14.7 9.6 13.0 
1::iQMJTREMA 1.7 3.0 0.0 1.0 1.2 15.0 15.6 3.7 0 .4 8.3 0.4 2.7 
GYPSINA 1.0 0.7 0.0 0.0 1.6 8.3 0.4 1.3 5.2 1.3 4.0 1.3 
MILIOLINA 4.0 16.3 10.4 6.7 6.0 1.0 0.4 9.7 10.8 6.0 1.6 3.7 
TEX11JRAUINA 1.3 5.0 1.6 1.7 1.2 0.7 1.6 2.7 0.8 1.3 0.0 0 .0 
ROTAUINA 0.3 1.7 3.2 0.7 1.2 0.0 0.0 2.0 2.8 0.3 0.0 2.3 
BIVALVE 8.7 6.3 3.6 3.3 4.0 16.0 14.0 9.3 6.8 7.0 16.0 9.7 
GASTROPOD 1.7 0.0 0.0 0.7 0.4 0.3 0.8 0.3 0.8 2.3 0.0 1.0 
ECHINOOERM 4.7 2.3 3.6 3.0 3.2 0.3 1.6 3.7 4.8 3.0 0.4 0.7 
SPONGE SPICULE 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.3 0.0 0 .0 
GORGONIAN 0.0 1.7 4.4 0.0 0.0 0.0 0.0 2.0 1.2 0.0 0 .0 0.7 
BRVZOAN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
PELLET/AGGREGATE 4.7 4.0 2.0 1.0 3.2 1.0 0.8 2.3 2.8 1.0 18.4 6.0 
MICRITIZED GRAIN 6.3 8.7 11.2 4.0 4.0 6.7 0.8 6.3 6.4 6 .3 5.2 6.3 
UNIDENTIFIED 1.0 0.3 0.8 12.3 1.6 0.3 0.4 1.3 6.0 1.0 2.8 0 .3 
,~ l~al ~, ~I i:rl ~, %21 fll~l~I ~11 ~I AJcll I ~5, 
CORAL 29.6 41.7 51.5 35.2 35.0 ~ -4 38.4 31.6 31.0 38.0 36.4 32.8 40.0 
HALIMEDA 13.6 10.7 7.0 19.6 11.0 14.8 22.8 2.0 16.0 28.8 26.4 23.2 22.0 
CORRAUNE ALGAE 13.6 10.0 7.5 6.0 12.0 8.4 6.4 20.0 20.0 4.8 6.0 5.6 3.2 
HOMJTRE~ 6.8 3.3 0.0 0.0 1.0 4.0 0.0 7.2 0.0 0.0 0.4 1.6 0.4 
GYPSINA 2.4 10.0 0.0 2.0 1.0 4.4 0.4 1.6 0.5 2.4 2.4 1.2 1.6 
MILIOLINA 5.2 3.3 13.0 8.0 17.0 9.2 2.8 12.4 10.5 6.0 7.2 7.6 3.6 
TEX11JRAUINA 1.6 3.3 2.0 1.6 2.5 2.8 5.2 2.4 1.0 4 .0 1.6 2.8 1.6 
ROTAUINA 0.0 3.7 3.5 6.4 2.5 0.8 4.4 2.0 3.0 0.0 1.6 0.0 3.6 
BIVALVE 8.4 0.0 2.0 2.8 3.5 9.6 1.6 7.2 2.5 1.2 3.2 9.6 4.8 
GASTROPOD 4.0 2.7 1.0 0.4 0.5 0.8 0.0 1.2 2.5 0.0 0.0 0.4 0.0 
ECHINOOERM 5.6 1.3 1.0 6.4 2.0 3.6 3.6 2.4 0 .5 3.6 2.4 2.0 1.6 
SPONGE SPICULE 0.0 0.3 0.0 0.4 0.5 0.0 0.4 0.4 0.0 0 .0 0 .0 0 .0 0 .0 
GORGONIAN 0.0 0.0 0.5 2.0 1.5 0.4 2.0 0.0 1.0 0.8 0 .0 1.2 2.4 
BRVZOAN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 
PELLET/AGGREGATE 3.2 1.0 1.0 0.4 2.5 2.4 0.4 1.2 3 .5 4.0 2.4 5.2 3.6 
MICRITlZED GRAIN 5.6 7.3 9.5 8.4 7.0 6.0 10.0 9.6 6 .0 4.8 6 .8 7.2 9.2 
UNIDENTIFIED 0.4 1.3 0.5 0.4 0.5 2.4 1.6 0.8 2.0 1.6 3 .2 0 .0 2.4 
L = BACK REEF/LAGOON, BCH = BEACH, BRC = BACK REEF CREST 
THIN-SECTION POINT COUNT DATA FROM CHEMUYIL, MEXICO 
EACH VALUE REPRESENTS THE PERCENTAGE OF EACH GRAIN TYPE 
1=) 
CORAL 
HALIMEDA 
CORRAUNE ALGAE 
HO~TREMA 
GYPSINA 
MILIOLINA 
TEXTURAUINA 
ROTAUINA 
BIVALVE 
GASTROPOD 
ECHINOOERM 
SPONGE SPICULE 
GORGONIAN 
BRVZOAN 
PELLET/AGGREGATE 
MICRITIZED GRAIN 
UNIDENTIFIED 
I~) 
CORAL 
HALIMEDA 
CORRAUNE ALGAE 
HOWJBEMA 
GYPSINA 
MILIOLINA 
TEXTURAUINA 
ROT AU I NA 
BIVALVE 
GASTROPOD 
ECHINOOERM 
SPONGE SPICULE 
GORGONIAN 
BRY20AN 
PELLET/AGGREGATE 
MICRITIZED GRAIN 
UNIDENTIFIED 
I aJl? I aJ~2I ci)~031 ci)~041 ~ 5  ~, cil~~ cilfal J1W-I m,~01 
37.3 40.4 54.8 57.2 45.6 43.33 35.6 46.4 32.0 40.8 
29.0 30.4 1.2 1.2 24.4 19.0 4.4 4.8 38.8 21.6 
3.3 4.0 17.2 16.8 4.0 10.0 13.6 11.2 2.8 2.4 
0.0 0.0 0.0 0.8 0.8 0.3 3.6 2.8 1.6 0.0 
1.7 0.0 22.0 0.0 3.6 1.7 0.0 0.0 1.2 0.4 
7.7 5.6 0.8 0.8 2.8 4.0 16.4 16.8 7.2 10.0 
1.3 1.6 0.8 0.0 3.2 2.0 3.2 1.6 1.2 3.2 
2.0 0.4 0.0 0.0 0.8 1.3 0.8 2.0 0.0 0.0 
4.0 6.4 12.8 7.2 2.4 5.0 16.0 5.6 2.0 4.8 
0.3 0.8 0.0 0.0 1.6 1.0 2.4 1.2 1.6 0.0 
0.7 1.6 0.4 3.6 2.0 4.0 3.2 0.8 3.2 3.6 
0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.0 0.4 0.0 0.0 0.4 1.3 0.8 3.6 0.0 0.4 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.7 3.2 4.8 3.6 6.0 4.7 0.4 0.0 0.8 3.6 
6.0 4.0 2.8 7.6 2.4 2.0 0.8 0.8 4.4 8.0 
1.0 0.8 0.0 1.2 0.0 0.3 1.2 2.4 3.2 1.2 
37.2 38.4 33.2 43.2 53.2 45.2 45.6 33.2 43.6 32.7 43.6 
24.0 14.0 0.8 2.4 14.0 16.4 11.2 43.6 21.2 '26.7 25.2 
12.0 4.4 21.6 19.2 3.2 4.8 3.2 6.0 2.8 10.0 4.0 
0.0 0.0 4.4 0.8 0.0 0.0 0.4 0.4 0.0 0.0 0.0 
1.2 3.2 1.0 1.2 0.4 1.6 0.4 0.0 0.8 1.3 1.2 
6.0 7.2 6.0 11.2 8.0 6.4 7.6 4.0 5.2 6.0 4.0 
5.2 4.8 1.2 2.0 0.8 0.0 1.2 1.6 1.6 2.7 1.6 
0.8 0.8 3.2 1.2 4.4 3.6 4.8 2.0 0.4 0.0 0.0 
6.0 2.8 8.4 5.6 2.8 4.4 2.4 2.8 8.8 4.0 3.2 
2.8 2.8 1.2 0.0 1.2 0.4 1.6 1.2 1.6 1.0 0.0 
2.0 4.8 4.0 1.2 4.4 4.0 4.4 1.6 2.8 3.0 2.4 
0.0 0.4 0.0 0.0 0.0 0.4 0.4 0.0 0.4 0.3 0.0 
0.8 1.2 0.4 1.2 0.0 0.4 0.0 0.0 0.8 1.7 0.8 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.8 8.0 7.8 3.2 0.0 0.0 0.0 0.0 4.8 4.7 7.6 
0.0 6.8 6.8 7.2 6.0 8.4 10.4 0.4 5.6 5.7 6.0 
1.2 0.4 0.0 0.4 1.6 4.0 6.4 3.2 0.4 0.3 0.4 
L = BACK REEF/LAGOON, BCH = BEACH 
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THIN-SECTION POINT COUNT DATA FROM CHINCHORRO, MEXICO 
EACH VALUE REPRESENTS THE PERCENTAGE OF EACH GRAIN TYPE 
CORAL 672 55.0 54.8 412 52.8 49.6 54.4 41.6 29.0 61.6 64.8 452 40.4 36.4 
~ 7.6 10.3 6.4 10.4 26.4 30.0 Zl2 26.4 56.7 32 12 32.4 34.0 28.0 
CORALLNE ALGAE 12.8 11.3 18.8 21.6 10.0 6.4 4.8 9.6 6.0 212 9.6 5.6 8.4 6.4 
1-0MOIEEMA 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 3.3 0.0 0.0 0.0 0.0 0.0 12 0.4 0.8 
.G'I'.fS& 0.0 0.3 1.6 24 12 0.0 0.8 12 0.0 0.4 0.0 1.6 0.0 12 0.4 0.4 12 
Mll.lO..INA 12 2.0 0.8 2.8 12 0.4 1.6 5.6 0.0 1.6 0.8 4.0 3.8 4.4 1.6 2.8 5.2 
F. TEXTURALIINA 0.4 0.0 0.8 0.4 0.8 24 1.6 0.4 0.3 1.6 0.0 2.8 3.2 3.2 0.0 2.8 0.8 
F. AOTALIINA 0.4 0.3 0.0 0.4 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.4 
BIVALVE 4.4 5.6 11.6 16.8 3.6 4.4 5.2 8.4 2.8 8.4 13.2 4.4 3.2 3.2 0.8 15.6 6.8 
G4STHOPOD 0.4 4.7 0.0 1.6 0.4 0.4 0.0 0.4 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.8 12 
ECHINODERM 0.8 0.3 0.4 0.8 0.0 0.8 0.8 12 1.0 0.4 12 0.0 1.6 1.6 0.8 0.8 2.0 
SPONGE SPICULE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 
OORGONIAN 0.0 1.7 1.6 12 0.4 0.8 2.0 1.6 0.0 0.0 0.0 0.8 1.6 0.4 0.4 12 0.4 
BRVZOAN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
PELLETIA03REGA TE 1.6 2.6 1.6 0.4 0.8 12 24 0.8 0.3 0.4 0.4 0.8 2.0 0.4 6.4 1.6 0.4 
MICRITIZED GRAIN 2.4 4.3 0.8 0.0 1.6 0.4 12 1.6 0.0 0.4 8.4 0.4 0.0 12 4.4 0.0 0.8 
UNIDENTFIED 0.8 1.0 0.8 0.0 0.8 2.8 2.0 12 1.0 0.8 0.4 2.0 0.8 12 0.8 2.0 0.4 
l=i!Mi I oo18I oo19I oo20I oo21I oo22I ~ RRC l 3 L 3 L 3 L 3 ~ 41 W rn ~ ~I :I =I ~~I ~I ~I ~I 
CORAL 48.4 46.4 512 58.0 52.4 36.0 23.6 4.0 1.6 572 58.8 2.8 14.4 228 2.4 6.0 92 
~ 14.0 14.0 14.0 10.0 16.0 192 36.4 23.6 44.8 0.0 0.0 50.0 45 .6 54.4 62.8 57.6 66 .4 
CORALLNE ALGAE 13.2 112 2.8 6.0 6.8 4.8 4.4 12 0.8 27.6 20.0 30.0 8.4 0.4 12 20.8 8.0 
1-0MOil£MA 0.4 0.8 0.0 0.0 12 0.0 0.0 0.0 0.0 2.8 12 0.0 0.0 0.0 0.0 0.0 0.0 
.G'I'.fS& 12 0.0 0.0 1.6 0.4 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
MILIO..INA 4.0 2.0 24 2.8 24 8.4 52 5.6 72 0.0 2.8 2.8 5.6 10.0 13.6 2.8 4.0 
F. TEXTURALIINA 12 1.6 OA 0.8 0.8 12 2.0 3.6 32 0.4 12 0.8 2.4 0.4 0.B 2.8 0.8 
F. AOTALIINA 0.4 0.4 1.6 0.0 0.4 0.4 OA 1.6 0.4 0.0 0.4 0.4 0.8 32 4.0 1.6 0.8 
BIVALVE 10.0 112 12.4 8.0 8.4 16.4 13.2 11.6 14.0 10.0 132 72 172 6.4 7.6 5.6 6.4 
GASTROPOD 0.4 12 2.4 12 1.6 1.6 0.8 52 3.6 0.4 0.0 4.0 4 .4 0.8 4.4 0.8 1.6 
ECHINODERM 12 12 2.8 2.0 32 12 1.6 0.0 0.0 0.0 0.4 0.0 0.4 0.0 0.0 0.0 0.0 
SPONGE SPICULE 0.0 0.0 12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
OORGONIAN 1.6 0.0 0.8 0.0 0.8 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
BRVZOAN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
PB..LET/A03REGA TE 0.8 4.4 12 12 2.8 32 8.4 34.8 14.8 12 1.6 OA 0.0 0.0 1.6 0.4 OA 
MICRITIZED GRAIN 12 4.0 4.8 5.6 12 5.2 3.6 62 7.6 0.0 OA 0.0 0.0 0.8 12 0.4 12 
UNIDENTIFIED 2.0 1.6 2.0 2.8 1.6 2.0 QA 2.0 24 1.4 1.6 0.8 0.8 0.8 OA 12 12 
l=i I ~I ~I ~I ~I ~I ~ ~ll ~ ffi ~I ~I ~I ~(I ~I ~I 'ffl CORAL 14.4 22.4 192 14.8 332 38.4 26.0 47.6 1.6 0.0 312 16.4 6.8 10.8 0.8 0.0 
.l::llll.JMEOA 20.8 212 40.4 44 .0 312 272 22.4 14.0 32 2.4 10.8 26.4 492 36.8 84.8 80.0 
CORAU.NE ALGAE 46.8 34.8 1.6 72 8.8 9.8 23.6 8.4 0.4 0.4 132 18.8 0.4 0.0 0.0 0.8 
1-0MOIEEMA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 
~ 2.0 0.0 12 0.0 0.8 0.4 2.4 0.0 0.0 0.0 0.8 1.6 0.0 0.0 0.0 0.0 
MILIO..INA 2.4 32 2.8 12 4.0 2.0 32 6.0 0.8 0.0 0.8 3.6 32 12 2.0 3.0 
F. TEXTURALIINA 2.8 0.8 2.4 0.4 24 2.4 1.6 24 0.4 0.8 0.4 2.8 2.8 2.8 0.8 0.0 
F. ROTALIINA 0.8 0.0 0.0 0.4 0.0 2.0 0.8 0.8 0.8 0.0 0.4 0.4 1.6 32 0.4 0.4 
BIVALVE 5.6 8.8 18.4 18.0 8.4 6.4 72 4.4 12 0.8 4.0 5.6 172 25.6 52 7.6 
GASTROPOD 24 1.6 32 4.0 32 32 32 1.6 0.0 0.4 2.0 1.6 2.4 1.6 12 4.0 
ECHINODERM 0.8 0.8 0.8 2.0 0.8 0.0 4.8 3.6 0.4 0.8 0.0 0.0 0.0 0.8 0.0 0.8 
SPONGE SPICULE 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
OORGONIAN 0.4 12 0.0 0.0 0.0 2.8 0.8 0.4 0.0 0.0 1.6 12 0.0 0.4 0.0 0.0 
BRVZOAN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
f'Rl.ETIA03REGA TE 0.0 1.6 72 5.6 3.6 2.8 0.8 3.6 912 94.0 312 16.8 124 14.8 3.6 12 
MICRITIZED GRAIN 0.4 2.4 0.4 1.6 2.4 2.4 12 2.0 0.0 OA 0.4 3.2 1.6 0.4 0.0 0.8 
UNIDENTIFIED 0.4 12 24 0.4 12 0.4 2.0 4.4 0.0 0.0 2.0 1.6 24 1.6 12 0.8 
L • BACK REEFA..AGOON, BCH • BEACH, BRC. BACK REEF CREST 
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THIN-SECTION POINT COUNT DATA FROM ALACRANES, MEXICO 
EACH VALUE REPRESENTS THE PERCENTAGE OF EACH GRAIN TYPE 
CORAL 
HALIMEDA 
CORALLINE ALGAE 
1-fOttPIBEMA 
GYPSINA 
MILIOLINA 
TEXTURAUINA 
ROTAUINA 
BIVALVE 
GASTROPOD 
ECHINODERM 
SPONGE SPICULE 
GOAGONIAN 
BRVZOAN 
PELI..ET/AGGREGA TE
MICRITIZED GRAIN 
UNIDENTIFIED 
[~ 
CORAL 
HALIMEDA 
CORALLINE ALGAE 
1-fOttPIBEMA GYPS I NA 
MILIOLINA 
TEXTURAUINA 
ROT AU I NA 
BIVALVE 
GASTROPOD 
ECHINODERM 
SPONGE SPICULE 
GORGONIAN 
BRVZOAN 
PELI..ET/AGGREGA TE
MICRITIZED GRAIN 
UNIDENTIFIED 
CORAL 
HALIMEDA 
CORALLINE ALGAE 
HOttPIBEMA 
GYPSINA 
MILIOLINA 
TEXTURAUINA 
ROT AU I NA 
BIVALVE 
GASTROPOD 
ECHINODERM 
SPONGE SPICULE 
GOAGONIAN 
BRVZOAN 
PELI..ET/AGGREGA TE
MICRlllZED GRAIN 
UNIDENTIFIED 
I 
17.2 22.4 60.8 46.8 63.2 61.2 59.2 53.2 47.2 24.4 28.4 
60.0 51.2 16.4 24.4 9.6 6.4 10.4 24.4 29.2 52.4 49.2 
8.8 15.2 6.8 12.0 12.4 13.6 14.8 10.4 9.6 9.6 4.4 
0.0 0.0 0.0 0.0 0.0 1.2 0.4 0.0 3.2 0.0 0.0 
1.6 1.6 0.4 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.6 1.6 2.8 2.8 0.4 2.4 3.2 1.6 1.2 3.6 2.0 
2.8 1.6 0.4 0.0 1.2 0.4 0.0 1.2 0.8 0.4 2.0 
QO OD OD OB OD OD Q4 OD OD Q4 1B 
2.0 3.6 7.6 6.0 6.4 8.0 7.6 7.6 3.6 4.0 7.6 
2.0 1.6 1.2 4.0 2.8 1.2 1.2 0.4 3.2 2.0 2.4 
1.2 0.8 1.6 1.2 1.2 3.6 0.8 0.4 0.8 0.4 0.4 
M M M M M M M M M M M 
M M M M M M M M M M M 
M M M M M M M M M M M 
0.0 0.0 0.0 0.0 1.6 0.4 0.4 0.0 0.4 0.0 0.0 
0.0 0.0 0.4 0.4 0.0 0.4 0.8 0.0 0.4 1.6 1.2 
1.2 0.4 0.8 0.0 1.2 1.2 0.8 0.8 0.0 0.4 0.8 
~
131 ~~I tBR I fo~E I ffl awe I al'.}191 awl a"i21 1 at1f I a?e I 
67.2 16.4 32.4 11.2 25.6 3:>.8 49.2 34.4 64.0 3:>.8 18.4 
10.4 40.4 43.2 48.8 40.8 48.0 43.2 46.0 13.2 33.6 46.8 
14.0 13.2 4.8 15.6 10.8 8.8 1.2 3.6 8.4 8.0 11.6 
0.8 0.0 0.0 1.6 0.0 0.0 0.4 0.0 0.0 0.0 0.0 
0.8 0.4 0.0 0.0 0.0 0.0 0.4 0.0 0.4 0.0 0.0 
0.4 15.6 6.8 7.2 9.2 2.0 0.0 1.2 0.4 13.6 9.6 
0.0 0.4 0.8 0.0 1.6 0.4 0.8 0.4 0.8 2.8 1.6 
0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 
4.4 6.8 3.6 10.0 8.8 5.2 3.2 5.6 6.8 4.8 9.2 
0.4 3.6 1.2 4.0 2.0 4.4 0.0 4.8 2.8 3.2 1.2 
0.8 2.0 1.6 0.4 0.0 0.0 1.2 0.8 0.4 0.4 1.2 
0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.4 0.0 0.4 0.0 0.0 0.8 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.4 0.0 0.0 0.0 0.4 0.0 0.0 0.0 1.2 0.4 0.0 
0.0 0.4 1.2 0.4 0.0 0.4 0.4 0.0 1.6 0.0 0.4 
0.4 0.4 2.8 0.8 0.4 0.4 0.0 2.4 0.0 2.4 0.8 
32.0 23.2 52.8 48.4 46.4 3:>.8 23.2 45.6 27.2 
42.8 51.2 24.8 19.2 36.0 41.2 34.4 34.2 39.6 
2.8 2.4 3.2 7.6 6.8 4.8 13.2 11.2 8.0 
0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 
0.4 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.4 
8.4 8.8 9.6 6.0 3.6 6.0 13.2 0.8 7.2 
1.2 1.2 0.4 0.8 0.0 0.0 0.0 1.2 2.8 
0.8 0.0 0.4 0.0 0.8 0.8 1.2 0.0 0.4 
6.0 7.6 3.6 6.0 2.8 7.2 12.0 2.8 9.6 
0.8 3.6 1.2 10.4 0.4 2.0 1.2 2.0 3.2 
1.2 0.8 0.4 0.8 0.8 2.0 0.0 0.4 0.0 
0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.4 0.4 0.4 0.0 0.8 0.0 0.0 1.2 0.0 
M M M M M M M M M 
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.0 
0 .0 0.0 1.2 0.0 0.8 2.4 0.4 0.0 0.0 
U M ~ M M ~ M ~ M 
L = BACK REEF/LAGCXJN, BCH = BEACH 
